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PREFACE. 



The science of Astronomy, conyersant as it is with the 
sublimest natural phenomena, has ever engaged the attention 
of mankind, even when, from century to century, scarcely any 
new revelation of the skies rewarded the labors of the 
astronomer. 

But at the present time, when discovery crowds upon dis- 
covery, and the whole field of astronomical research has been 
wonderfully enlarged, it has suddenly become invested with 
the charms and freshness of a new science ; and all classes of 
society listen with wonder and delight to the recital of the 
lofty truths and amazing facts which it unfolds. 

In attempting, therefore, with many honored names, to 
cause Astronomy to descend from the dignified seclusion of 
the observatory, that she may walk as a familiar guest amid 
the lesser temples of knowledge, no apology is required for the 
motive that prompts the task how much soever it may be 
needed on ac<!bunt of the execution. 

In the present treatise the author has not sought to adapt its 
subject to the youthftil mind, by curtailing the science of its 
fair proportions, and omitting every thing that requires patient 
and earnest study ; but he has aimed to preserve its great princi- 
ples and facts in their integrity, and so to arrange, explain, and 
illustrate' them, that they may stand out boldly defined, and 
be clear and intelligible to the honest and faithful student, — 
this is all that can be done for a pupil, if a science is to be 
taught in its completeness and not in parts. 
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IV PREFACE. 

The hill of science will always be a hill. Impediments and ob- 
structions may be removed and the ascent rendered easier, but 
the hill cannot be leveled^ it must be surmounted. 

Several peculiarities are contained in this text-book, which it 
is thought will be of mat^al service to the pupil in obtaining 
a knowledge of ihd science. The most important of these we 
shall now briefly notice. 

I. It is usual, in most text-books on this science, to explain 
many astronomical phenomena by the apparent, and not by 
the reaZ motions of the celestial bodies. In this treatise the 
opposite course is taken, wherever practicable ; the explanations 
being based upon the real motions of the heavenly bodies. By 
pursuing this method, the subsequent acquisitions of the scholar 
are built upon the truth itself, and not upon what appears to be 
true. 

II. The mode of ascertaining the distances and magnitudes 
of the heavenly bodies is so simplified that any student, who 
imderstands the rule of proportion, can readily comprehend it. 

m. Scientific terms and expressions are explained by foot 
notes on the pages in which they occur ; and in these notes are 
likewise embodied such illustrations and information as tend 
to elucidate the text. 

In the preparation of this manual^ the author has had re- 
course to numerous standard works upon Astronomy, and'has 
brought up the subject to the present time. For information 
respecting recent astronomical discoveries, he is especially in- 
debted to l^e treatises of Sir John Herschel and Mr. J. 
Russel Hind. 

Hartford, Feb. 19th, 1866. 
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ASTEONOMY. 



INTRODUCTORY CHAPTER. 

1. Astronomy is that brancli of Natural Sciekce 
which treats of the magnitudes, distances, constitu- 
tions, and motions of the Heavenly Bodies, and the 
LAWS which regulate them. 

2. The Heavenly Bodies consist of moons, planets,^ 
comets,^ and suns; and possibly a fifth class exist called 
nebulce,^ To moons, planets, and suns the general name 
of stars is often given. 

S. No heavenly body is independent of another. 
Each exists and moves as a part of one vast and har- 
monious combination, termed the Universe. The Vis- 
ible Heavens are a portion of this Universe. How great 
or how small a portion we cannot say ; for the rest, 
shrouded from our view in the depths of space, lies be- 
yond the limits of our knowledge. 

4. The mode of union existing among the heavenly 
bodies is the following: One or more moons revolve 

1. Planet, from the Greek word planetes, signifying a wanderer, a star 
that changes its place in the heavens. 

2. Comet, from the Latin word coma, a head of hair, this body present 
ing a hairy appearance. 

3. The name of nebula is given by astronomers to certain objecta in the 
distant heavens which appear like small clouds, or specks of mist Tme 
nebuIsB are supposed to be vast coUections of unformed matter, thinljf 
difiused through space. Nebuls is a Latin word, signifying mists, or 
clouds. 

What ii Astronomy 1 What do the heavenly bodies consist of? Does a heavenly 
body exist and move independent of others f What is said of the visible heavens ? 
Wliat is the mode of union between heavenly bodies ? 

2 
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14 ASTRONOMY. 

about a planet; several planets with their attendant 
moons revolve abotU a sun^ around which, likewise, 
sweeps a numerous train of comets. A sun with its 
assemblage of planets and comets constitutes a system. 

5. The investigations of astronomers tend to prove 
that these systems are not fixed in space, but revolve 
like planets about some common central point, or body. 
And we have reason for believing that this mode of ar- 
rangement extends throughout all space, groups of sys- 
teins rising one above the other in magnitude ; the lesser 
circling around the greater, until at length their vast 
aggregate embraces and comjdetes the Universe. 

6. Solar System. The sun with his train of planets, 
moons, and comets, forms the Solar System. 

The number of planets already known is forty-one. 
Thirty of these have been discovered within the last ten 
years, and others will doubtless b^ detected. The names 
of the planets, with the symbols assigned them, are given 
in the following table, in the order of their distances 
from the sun, beginning with the nearest. 

TABLE OF THE PLANETS 

IVAMKflL flTMBOLi. NAMBi. BTMBOU. 

MERCURY, (nearast,) g JUPITER, If. 

VENUS.... 9 SATURN, 1^ 

EARTH © HERSCHEL, or URANUS,..^ 

MARS, $ NEPTUNE, (met dtttant)..^jr 

TpB ASTBBOIDt. 

THALfA....... 

FLORA, J 



IRIS, ,.^j| 

METIS, ....^ 



EUTERPE. @ 

BIELPOMENE,. HEBE,.. ^ 

CUO, or VICTORIA, "^ FORTUNA J 

™*^'^ PARTHENOPE, M 

URANIA, ; ^ 

VEOTA, ;.; g AMPfllTRITB, .....@ 

MA8SALIA, J EGERIA, 

PHOC<EA..... @ ASTREA. jj] 

What ii a lyitem ? Explain the term universe. What is the solar system 1 How 
many pianeU are now known 1 How many have been discovered within the last tea 
years 1 Give the names of the planets 1 *« ww •«* »■ 
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IBENE, .., p^ BELLOKA, 

PROSERPINE, ...@ PSYCHE,.... 

LUTETIA CALLIOPE. 

EUNOMIA, 

JUNO,.... 8 

CERES,.. 9 

PALLAS J 



EUPHR06YNE, 

HYGEIA,... : 

THEMIS @ 

POMONA, (dwtonee unknown.) 
POLYMNIA, (diftanee onknown.) 



8. All the plauets between Mars and Jupiter are 
termed Asteroids^ In the annexed cut a view of the 
solar system is presented. The Eoman numeral, L rep- 
resents the orbit' of Mercury ; 11, that of Venus; III, that 
of the Earth ; IV, that of Mars; V, the orbit of the near- 
est asteroid; VI, that of the most remote asteroid; VII, 
is the orbit of Jupiter; VXII, of Saturn; IX, of Herschel; 
and X, of Neptune. In the cut the distances of the 
several planets from the sun bear the same relation to 
each oth^r as their actual distances. 

9. The Mode of Conducting Astronomical In- 
vestigations. When an artisan wishes to ascertain 
the dimensions of a stick of timber he does so by means 
of a rule, the length of which he knowsj and thus h© 
obtains the solidity of the log in feet and inches. 

. When, likewise, we wish to determine the speed of a 
locomotive, we measure by the aid of a watch the time 
taken to pass over a known number of miles. Thus un- 
known magnitudes and motions are ascertained by com- 
paring them with such as are known. 

In astronomical investigations we pursue a like course, 
and begin with determining the size^ motions, and /onn 
of the E aeth, with other important particulars that are 
within our reach. We thus obtain fioced stcmdards of 

1. Asteroids. From two Greek words, aster, a star, and eidos, Uke, 
Like a star, because all these planets are very small. 

2. Orbit means the path of a planet about the sun. So called from the 
Latin word, orhis, a circle, a circuit. 

What are the Aiteroidi, and where situated t Explain tbefguie. Id what manner 
are aatrononiieal iavettifatiom conducted 1 
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EXPLANATOEY CHAPTER, 17 

measurement, whereby we are enabled to push our in- 
quiries beyond the earth, and to compute the distances, 
times, motions, and velocities of many of the bright orbs* 
that glitter about us, and the extent of the vast spaces 
through which they move. In the study of Astronomy 
our attention is, therefore, directed First to the Earth in 
its relation to the rest of the heavenly bodies. Secondly^ 
to the Solar System. Thirdly^ to the Starry Heav- 
ens, of which this system is a part; 



EXPLANATORY CHAPTER. 



10. In learning Astronomy it is necessary for the 
pupil at the outset to know the meaning of certain 
mathematical and philosophical terms and expressions, 
which are constantly occurring in the discussion of as- 
tronomical subjects. These must be mastered in order 
to obtain a clear understanding of the science, and yet 
they are by no means difficult to comprehend. The 
most important of these are explained m the present 
chapter. The; meaning of other terms and phrases will 
be given as they occur in the book. 

11. Angle. An angle is the opening or inclination 
between two lines thut meet each other; thus, in Fig. 2 the 



Fia 3. 




1 . The stars are frequently called orbs, from their round figures. Orbit , 
(Latin ;) a circle. 

In wbfti order nre the tiibjecti of astronomy to be studied 1 In learnin|[ aitronoroy 
wh:.t i» it iieceHK.-.rv Wt- Uie pupil to do at tiie outset? What it an angle t 

'2* 
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18 ASTRONOMY. 

line AB meets the line BC, and the opening between 
them is called the angle^ B, or the angle^ ABC ; the letter 
at the point of meeting, always being placed in the 
middle. 

' The size of an angle is computed as follows. The 
circumference of any circle being divided into 360 equal 
parts, each part is called a degree; a degree being divided 
mto 60 equal parts, each part is called a minute ; a min- 
ute being divided into 60 equal parts, each part is called 
a second. If, now, we take the point B, as the centre of 
a circle, and describe the circumference, DEF, cutting the 
two lines, AB and CB in any two points, as E and F, the 
number of degrees^- minutes^ and seconds contained in the 
part of the circumference, EF, included between the 
two lines, AB and CB, gives the value of the angle, 
ABC. For example, if the length of the circumfer- 
ence, DEF, was 860 inches, and the part, EF, contained 
40 inches and nine-sixtielhs (40/^) of an inch, ABC 
would be an angle oi forty degrees and nine minutes 
(40** 9^.) Degrees are denoted by the following char- 
acter, ** ; minutes thus, ' ; and seconds thus, ^\ 

12. A Eight Angle. A right angle contains 90^, 
and can be thus constructed. Draw two diameters 
through any circle, dividing the circumference into four 
equal parts, and each of the angles at the centre will be 
a right angle, for since the whole circumference contains 
three hundred and sixty degrees, onefourth of it con- 

FIG. X 




RIOHT ANGLE. 



How ii iti size coirniuted 1 Describe from the fi^re. How are degrees, ininMtet, ^nd 
seconds denoted ? What is a right angle, and how is it constructed 1 
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19 



tains ninety degrees. Thus, in Fig. 3, the two diame- 
ters, AB and DE, dividing the circumference of the circle, 
A, D, B, E, into four equal parts, make each of the an- 
gles at the centre, right angles, viz., ACD, DCB, BCE, 
and EGA. 

18. Triangles. A triangle is a figure that is bounded 
by three lines, either curved or straight, and contains three 
angles; hence its name, derived in part from a Latin word, 



FIG. 4. 



no. 5. 





A RSCTILINEAft TRIANOLB. A RECTILINBAft RIOHT-ANGLBD TKIAN6LB. 

tres, meaning three. The sum of the three angles of any 
rectilinear' triangle is always equal to 180**. Fig. 4 rep- 
resents any such triangle, and the sum of its angles is 
equal to 180** A right-angled rectilinear triangle is one 
that contains one right angle. Thus, Fig. 5 is a right- 
angled triangle, since it contains a right angle, viz., ABC. 
14. Similar Triangles. Similar triangles are those 
which have all the angles of one triangle equal to those of 



FIG. 6. 



FIG, 7. 




ilKFLAR TltriN<JLttfl. 



the other J each to each, and the sides forming the equal an. 
gks proportional ; thus, in Figs. 6 and 7, the triangles^ 

1. Reotilinear, fromrejetus, •traightyVa^ Hnea^ <| line, (Latin,) straight 

LINCO. 



What ii a triangle ? How many degrees does it contain 1 Refer to figure. What is 
a right-angled triangle 1 Refer to figure. What are similar triangles 1 Explain from 
figure. 
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A'B*C* and ABC, are similar, because the angle B' 
equals B, A^ equals A, C* equals C, and the side J.*jB* : 
AB : : A^C^ : AG\ and so of the other'sides. 

15. A Plane Sujrb:ace. A plane surfSguse is such that if 
any two points in the sui&ce are connected by a straight 
line, every part of that straight Une touches the surface. 
To illustrate. The surfieu^ of tranquil water in a pond 
is a plane surface, because if any two points on the sur- 
face are taken, and are connected by a perfectly straight 
rod, every part of the lower side of the rod touches the 
water. Such a surface is sometimes tea^med a plane. 
Thus, the surface of this page, when pressed flat, is a 
plane surface, or plane. 

15*. A Plane Figure. A plane figure is one whose 
bounding line or lines are situated in the same plane. 
The flat cover of this book is a plane figure. 

16. Ellipse. An ellipse is a plane figure, bounded 
by a curved line, and so constructed that if two straight 
lines are drawn from two points within, called the,/&a, to 
any point in the curve, the sum of these lines is inva- 
riably the same for the same ellipse. Thus, the an- 
nexed figure is an ellipse. F and F\ the foci, and if 

FIG. 8. 




4N ELUP8I. 

straight lines are drawn to any points, as M and M* ; 
FM added to F»M equals FM* added to F'M\ and so 
of lines drawn to any other point. The line DD *, drawn 
through the foci and terminated by the curve, is called 

What is a plane lurface 1 What a plane figure 1 What is an ellipse? Describe it 
from figure. 
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the major axis of the ellipse. The line PP^ drawn 
through C, the middle of I5D*, or the centre of the fig- 
ure, is the conjugate aocis. 

17. To CoNSTRUCJT AN ELLIPSE. Stick two pins into 
a piece of paper, at a short distance from each other, as 
at F and ¥\ and pass over them a loop of thread, place 
a pencil in the loop, and keeping the thread tight, a tri- 
angle will be formed like FmF\ the pencil bemg at M. 
Passing the pencil completely round F and F*, its point 
will mark out an ellipse. For since in making the circuit, 
the length of the loop does not change, neither the dis- 
tance between F and F', it necessarily follows that the 
sum of the distances from the pins to the pencil ; viz., 
F'M, FM, &c., is invariable. 

18. Eccentricity. Ellipses differ among themselves. 
K the foci are near the centre of the ellipse, the ellipse 
approaches the form of a circle ; but if the foci depart 
widely from it the length of the conjugate axis is small 
in proportion to that of the major axis, and the ellipse 
is said to be very eccentric* 

The distance from the centre to either focus ; viz., FC, 
or F*C, is termed the eccentricity of the ellipse. In 

FIG. 10. 




Figs. 9 and 10, two ellipses are exhibited which differ 
greatly in their eccentricity ; one being almost a circle, 
and the other very oval. 

1. Eccentric J fvom ex out of , and centrum centre, (Latin) out of the 
centre, 

CoDitruct an ellipse 1 What it ineaot by the term ecceotricity 1 
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19. A Sphere. *A sphere is a solid, bounded by a 
curved sui£eu^, every point of which is eqtmlly distant 
from a point within^ called tiie centre; every line pass- 
ing through this centre, and limited by the surface, is a 
diameter. The half of this line is a radius of the 



FIG. 11. 




A SFUKKB 'WITH ITS SECTIONS. 



sphere. Thus in Fig. 11, representing a rohere, the 
points D, O, L, A, E, H, N, &c., are all ecjually distant 
from the centre C. DE and AB, are diameters, and 
CP, CL, C A, CB, &c., are each a radius. 

If a plane passes through a sphere, any section it 
makes with the sphere is a circle. A great circle passes 
through the centre of the sphere, all other circles are 
small circles. Thus in the figure, AFB is a great circle, 
and LHN and OP small circles. 

20. Poles of a Circle of a Sphere. The poles of 
a circle of a sphere are points on the surface of a sphere, 
equally distant from every point in the circumference of that 
circle. Thus, D is the pole of the circle LHN, because 
the curved lines DH, DN, and DOL, and all others 

What ii a sphere 1 Describe it from the figure with its linet and seetioua 1 What are 
the poles of a circle of a sphere ? Explain from figure. 
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drawn to the circumference LHN, are equal to one 
another. For the same reason D is the pole of the cir- 
cles OP and AB. It will also be seen that the point E 
is situated like D, with respect to these circles, smce the 
curyed lines EBN and E AL are equal, as likewise ELO 
and ENP. Each circle of a sphere has therefore two 
poles. 

In a great circle the poles are each ninety degrees dis- 
tant from the circumference of the circle, thus in the 
great circle AB, the poles E and D are each ninety de- 
grees from its circumference, AFB. 
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PART FIRST. 

THI BAKTH IN ITt RELATION TO OTBSK HBAVBNLY BODIBS. 



CHAPTER I. 

ITS FOmr, 8IZE, AKD BOTATION. 



21. Its Form. The earth appears to our view to be 
nothing more than a vast broken plain, rising into 
mountains, sinking into vallies, and spreading out into 
lakes, seas, and oceans ; but a careful investigation re- 




moves this erroneous impression and proves, First that 
the general surface of the earth is curved; Secondly^ that 
the mass itself is nearly spherical in form ; Thirdly, that 
it rests upon nothing. 

22. These facts are established by several independent 
proofs. In the first plaice when a vessel sails from the 
shore the spectators upon the strand, as they watch her 
lessening in the distance, at length perceive the hull 
^:wiually sinking below the line of the horizon* ; next 

1. Horizon, a boundary. It here means the line that apparoitly divides 

Whttt does Pakt Fiiist tieat oft What doei Chapter Fint treat oft What appear- 
ance does the earth present 1 What facU have been proved by eaieful invettifatioo 1 
State the leveral proofs of these facts? 
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the lower sails disappear, and the last objects that are 
seen are the tops of tne masts, on a level with the dis- 
tant waters ; and this is the case in whatever direction 
the vessel sails. Secondly^ navigators have repeatedly 
sailed around the earth, by advancing constantly in the 
same direction; arriving at length at the port from 
whence they departed. 

Thirdly^ On the ocean the horizon appears to be the 
circumference of a circle, and by the aia of geometry it 
can be praoed to be really so. Indeed, any where on 
land or at sea the visible portion of the earth's surface 
is circular, and the higher we ascend above the level of 
the ocean, the larger does this circle become. At the 
top of Mount JStna, 10,872 feet high, one-four thou- 
sandth (jToTth) part of the surface of the earth is 
beheld, while from a balloon elevated 25,000 feet'above 
the ocean, the sixteen hundredth part (ttVt*!^) ^^ b^®^ 
seen. The fact that the visible portion of tne earth's 
surface is circuhry at what place soever an observation 
is niade, can be accounted for only upon the supposition 
that the earth is spherical; and this point may be illus- 
trated in the following manner. If we take an. orange 
to represent the earth, and cut off k smooth slice from 
any side of it; the outer surface of the slice may be re- 
garded as the visible portion of the earth's surface seen 
by a spectator. A single gknce will show that the 
bounding line of this surface is the circumference of a 
circle. If instead of a globular body^, like an orange, we 
take a lemon, the slices or sections will be circular, only 
when they are cut off perpendicular to a line joining the 
two ends. K a slice is cut oflF from the side, it will be 
oval in shape. Indeed, what body soever is taken, the 
sections made on any side of it, will not be circular 
except that body is a sphere. 

Fourthly^ When the sun, earth, and moon are so 
situated that they are all in the same straight line, the 
earth being in the middle, the latter casts a shadow upon 
the moon. This shadow is seen to be circular in fonm^ 
thus proving that the earth is round. 

the •llrfigK^e of the earth firom the sky and limits our view. Its full meaniiig 
is explained m Art. 31, 32, and 33. 

3 
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26 THE EARTH VIEWED ASTRONOMICALLY. 

Fifthly J Since the sun, and the nearest heavenly bodies 
are seen to be rounds we naturally infer that the earth 
does not constitute an exception, but has also a similar 
form. 

Sixthly^ From observations and actual measurements, 
mathematicians are able to compute the distances of 
places on the earth's surface from its centre; in numer- 
ous places widely diflfering in latitude and longitude; 
these distances have heeti computed^ and are found to be 
in all instances nearly equal. This fact proves the 
spherical shape of the eartu, since a sphere alone of all 
solid bodies possesses the property, that the distance 
from the centre to any point on its surface is every- 
where the same. 

In view of all these facts we conclude that the earth 
is a body having a curved surface^ that it is nearly spherical 
in shape, and rests upon nothing, 

23. We say nearly spherical^ for according to the most 
accurate observations and refined calculations of astrono- 
mers, the earth swells out at the equator, the diameter 
which passes through the centre and the poles,* being 
about one three hundredth part (^ Wth) shorter than any 
diameter that passes through the equator. To such a 
solid geometricians have -given the name of cblate 
spheroid. 

24. Size or the Earth. The diameter of the earth 
can be approximately determined in the following man- 
ner. Eegarding it as a sphere, let BDC, in Fig. 13, 
represent a section of the earth through its centre, and 
AB, the height of a mountain above the sea level ; while 
AD is an imaginary line drawn from the top of the 
mountain touching the earth at D, on the distant 
horizon. 

Now a mathematician can easily obtain by the aid of 

1. The polar diameter of the earth is the imaginary line or axis about 
which the earth rotates, like a wheel or an axle. Its extremities are the 
poles of the earth. A diameter drawn at right angles, to the polar diame- 
ter, and passing through the centre of the earth is an equatorial diameter, 
(See Fig. 12.) 

' ' ' ' ' ' / 

Is tbe earth exsctly ifrfwrteiil 1 How much shorter than the eqiiatofial diameter is the 
polar 7 What is the geometrical name of a solid hodv riiaped like tbe earth 1 Explaiit 
*he firat methnd by whi^b the diameter nf the earth ean be nearly determined ? 
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A SECTION OF THB KARTH. 



trigonometry* both the height of the mountain AB, and 
the length of the line AD, and geometry then informs us 
that there are such relations existing between the lines 
AD, AC, and AB, as can be expressed by the following 
proportion; viz., AB: AD: : AD: AC. The length of 
the line AC, is then ascertained by the rule of three. 
AC, therefore equals 

AD X AD 
AB. 
Subtracting now the height of the mountain AB, from 
the length of AC, and there remains the length of BC, 
the diameter of the earth. Thus if a peak of the Andes, 
4 miles high, is just visible on the Pacific Ocean at 
the distance of 178} miles, the diameter of the earth 
and the height of the peak (AC) would together equal 
178| X 178i 

4 
or 7,943.26 miles ; diminishing this quantity by four we 
have 7,939.26 miles for the diameter of the earth. Pro- 
ceeding then by the common rule for finding the cir- 
cumference of a circle from the diameter, we multiply 
7,939.26 by the number 3.14159 which gives a product 
of 24,942 miles for the circumference of the earth*. 

1. TrigODometry " that science which teaches how to determine the 
several parts of a triangle from having certain parts given. 

2. Another solution is here given for those versed in algebra and ge- 
ometry, E being the centre of the circle, let x = the radios BE, or ED, 

2 

then, (x + 4)« = x» + 178,25 /. x« + 8 x + 16 = x« + 3,1775.0625 .• 
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25. There exists another method for determining the 
size of the earth, which was enaplojred by Eratosthenes, 
a celebrated astronomer, who nourished at Alexandria 
in Egypt, about 200 years before Christ. The mode of 
operation may be explained as follows : If it were pos- 
sible for a person to start, for instance, from Washmg- 
ton, in a north or south direction, measuring round the 
earth until he came to Washington again, he would have 
passed over three hundred and sixty degrees of latitude. 
Now on the supposition that the earth is a sphere, it is 
clear that any number of degrees of latitude, as five for 
example, bears the same relation to the length of the 
same number of degrees in iniles^ as three hundred and 
sixty degrees of latitude to the entire circumference of 
the earth, measured in miles ; since five is the same part 
of three hundred and sixty, as the length of five degrees 
in miles, is of the circumference of the earth in miles. 

26. It was in this manner that Eratosthenes proceeded. 
He found that Alexandria in Egypt, was 500 miles 
north of Syene, a town on the frontiers of Nubia, and 
that the difference in latitude between the two places was 
7 J degrees. From these measurements he was enabled 
to make the following proportion, 7^ degrees : 500 miles 
: : 360 degrees : the circumference of the earth in miles. 

The fourth term therefore equals 
360 X 500 

n 

or 25,000 which expresses the circumference of the" 
earth in miles. 25,000 divided by 3.14159 gives the 
diameter. In round numbers^ we may therefore con- 
sider the diameter of the earth to be 8,000 nailes in ex- 
tent and the circumference 25,000. But astronomers 
have not remained contented with ttese rough approxi- 
mations towards the truth, since all accurate knowledge 
of the distances, magnitudes, and motions of the other 
heavenly bodies, depends upon our knowing the exact 
dimensions of the earth. The latest and most elaborate 



8 X = 31757.0625 .'. x = 3969.63, which multiplied by 2 = 7639.26 the 
diameter of the earth. 



Explftin the method employed by Ereto«tbeiies. What is the len^ of the diameter ot* 
the earth in miles, in round numbers ? What that of the circumference t 
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researches demonstrate that the length of the 'pohx di- 
ameter of the earth, is 7,899.178 mUes, and that of the 
eqiiatorial diameter 7,925.648. The distance from the 
general surface of the earth to the centre, being at the] 
equator 13.469 miles greater than at the poles. 
• 27. EoTATiON OF THE Earth. To everjr one en- 
dowed with vision, it is one of the most familiar sights 
in nature to behold the sun ascend the eastern sky, at- 
tain its noontide splendor, and at length set beneath the 
western horizon. And when night approaches the starry 
host appear moving in the same order ; their bright ranlcs 
rising successively above the eastern horizon, and pass- 
ing over in ceaseless march to the west This motion 
of the celestial bodies can be explained in two ways^ 
either by supposing that the earth is at rest, and all the 
luminaries of the sky actually revolve about it, or that 
their motion is only apparent^, the earth itself really 
rotating while, the celestial orbs remain immoveable. 

The first theory was received as the truth for ages, 
until the discoveries of scientific men at length showed 
its falsity, and established by undeniable proofs, the 
feet of the rotation of t/ie earth on its axis. Some of 
these proofs we shall now state. 

28. First proof. The form under which atoms of mat- 
ter unite in obedience to their mutual attraction, and un- 
influenced by any other force, is that of a sphere. We 
behold this exemplified in the case of quicksilver spilled 
upon a floor, the small portions of which are seen as- 
suming a globular shape, the form being more perfect as 
the portion is smaller. Moreover if alcohol and water 
are mingled together, in such proportions as to have the 
same* specific gravity as olive oil, upon dropping a little 

1. When a person sails from the shore with a steady wind, the shore ap> 
parently moves backward, while the ship seems to be stationary though 
the observer knows all the while that the true state of the case is exactly 
^e reverse. 

2. Two stdwtanoes are of the same specific gravity, when being equal in 
■ize they are also equal in weight. 

What are the len^i of the equatorial and polar diameter according to the best and 
latest eomptttatioot 1 How much farther is the surface of the earth from the centre at the 
equator than at the poles ? In how many ways can the motions of the celestial bodies 
be explained 7 What are tbase ways 1 Which one for ages was received as true 1 Has 
it been proved ftbe. 
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of the latter into the mixed fluid, the drops of oil uninflu- 
enced by the gravitation of the earth, take the shape of 
spheres as long as they are at rest But if now a slender 
wire is passed through the centre of one of these oil- 
globes^ and it is made to revolve by turning the wire 
rapidly round, it flattens about those points where the 
wire passes through, which represent the poles of the 
oil-globe, while it swells out at the middle or equatorial 
parts, assuming the form of a spheroid, in consequence 
of the centrifugal* force increasing from the poles to the 
equator. 

29. In like manner if the earth at the beginning con- 
sisted of yielding materials, as many able geok)gists 
suppose, it must have assum^ the shape of a sphere by 
virtue of the mutual attraction of its particles, and re- 
tained that shape forever, provided it did not rotate on 
an axis ; but if it did tkus rotate^ it must have taken 
the form of a spheroid, the amount of the excess of the 
equatorial diameter over that of the polar, depending 
upon the rapidity of the rotation. 

30. Taking as the ground-work of his computation 
the known dimensions of the earth, and assuming as 
a fact its revolution in twenty-four hours; Sir £aac 
Newton calculated what form the earth must of neces- 
sity take. He found it would be a spheroid, and that 
the equatorial diameter, would exceed the polar diameter 
by a certain length, which is almost exactly equal to the 
difference which has since, by the actual measurement 
of the earth, been shown to exist between them, viz., 
twenty-six miles and nine-tenths of a mile. 

The result of the computation being thus proved true, 
the assumed point upon which this result is founded^ 

1. Centrifugal force, is that which tends to make a reTirfving body 
depart from the centre of motion. Water flying from the oircumferenoe 
of a revolving grindstone, is an example. When bodies revolve in differ- 
ent circles, in the eame time the centrifugal forces are directly proportioned 
either to the radii or circumference of the circles. The centrifugal force, 
reckoning from the poles of the earth to the equator, will therefore increase 
in the ratio of the length of the parallels of latitude. 

State the fint proof that the earth rotates on its azisi What was the result of Sir 
Isaac Newton's computation i 
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must be also true. The rotation of the earth is, there- 
fore, no longer a supposition, but a fact 

31. Second Proof, — DEVIATION OF Falling Bodies 
FROM A vertical LINE. If the earth has indeed a rota- 
tion on its axis, all the particles that compose it, and all 
*the bodies upon its surface, have a greater centrifugal 
force in proportion as they are more distant from the 
axis of rotation. Thus, a particle of dust upon the top 
of a carriage wheel in rapid motion, flies off in advance 
with greater velocity than if it had been situated nearer 
the axle ; and in like manner, if the earth is actually ro- 
tating from west to east, a ball upon the top of a lofty 
tower, will move with greater speed towards the east 
than when placed at the bottom^ because in the first posi- 
tion it is farther removed from the axis of rotation, than 
in the second. 

32. With this principle in view, a 
simple experiment reveals the fact of 
the rotation of the earth. K the earth 
were at rest, a bullet dropped from the 
top of a high tower, would descend in 
a line parallel to the perpendicular 
height of the tower ; the point where 
it struck the ground, and the point 
whence it started, being at the same 
distance from the middle of the tower. 
But upon making the experiment it is 
found th^ when the bullet is dropped 
on the east side of the tower, it reaches 
the earth at a point farther east from 
the centre of the tower, than the place 
of starting. Now this circumstance 
can only be explained, on the supposition that the earth 
rotates from west to east, and imparting the greatest cen- 
trifugal force to the bullet, when at the top of the tower, 
and the least at the bottom, it necessarily gives it an 
easterly motion beyond the perpendicular. Thus, in 
Fig. 14, CC, represents the perpendicular height of a 
tower, BB' the same, and BD*, the path of a bullet 
dropped from the top of the tower on the eastern side. 

Giv* tlM Mcond proof. 
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The distance from the place of starting to the centre of 
the tower ; viz., CB, is less than the distance of the place 
where the bullet strikes the earth from the centre of the 
tower, viz., C*D. 

83. Third Proof. — ^Variation in the Weight or 
Bodies. It has been discovered by philosophers, from 
experiments with the pendulum, that a body weighing 
194 pounds at the equator of the earth, would weigh 195 
pounds at the poles, or in other words, would gain j^^ih. 
part of its weight by such a removal. It might at first 
be supposed, that this circumstance is owing to the fact, 
that a body at the poles is thirteen miles nearer the 
centre of the earth tnan at the equator, and thus being 
more powerfully attracted would of course weigh more. 

84. This view is correct as far as it goes ; it partially 
explains the difference in weight, but does not account 
for the entire change. A body, by being simply thirteen 
miles nearer the centre of the earth in one place than in 
another, would have its weight increased one five hun- 
dredth and ninetieth part (j^t) ; but as we have stated, 
multiplied experiments with the pendulum show, that 
a body so situated at the poles would have its weight 
increased Ti?th part. The difference between this quan- 
tity and si^th, viz., ^j^th, remains unaccounted for, on 
the supposition that the earth is an oblate spheroid at 
rest^ whose surface at the poles is thirteen miles nearer 
the centre than at the equator. But when we regard 
the earth as rotating on its axis once in twenly-four 
hours, the difficulty vanishes, for at the equator Dodies 
are acted upon by two forces ; 1st, the force of gravity 
which draws them towards the centre of the earth, and 
is a measure of their weight ; and 2d, the centrifugal force 
of the earth, which tenas to make them fly away from 
the centre, and diminishes their weight. At the poles 
this centrifugal force is nothing. Now at the equator, 
the centrifugal force is directly opposed to the force of 

1. An experiment of this kind was performed by Benzenberg, a Ger- 
man, in 1804, in MiohaePs Tower, at Hamburg, 30 balls being dropped 
from the height of 235 feet. The deviation from the perpendicular was 
one-third of an inch. 

Give the third proof. 
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gravity, and diminishes its effect ; thus lessening the 
weight of bodies, according to the profound investiga- 
tions of eminent mathematicians yjjth part. The fact 
of the variation in the weight of bodies in different parts 
of the world can thus be fully accounted for, but if the 
rotation of the earth is denied, it remains inexplicable. 
35. In view of these and other equally important facts 
which will appear in the course of our investigations, 
we infer that me earth rotates as though revolving on a di- 
ameter ,* at right angles, to the plane of the eqimtor. The 
period of *!rotation as we shall hereafter see, is divided 
into twenty -four equal parts, called hours. 



CHAPTER II. 

THE HORIZON. 



86. HoBizoK is an astronomical term derived from 
the Greek word ofizon signifying boundary, and of these 
boundaries there are tvx). 

Sensible Hobizon. The first is the sensible or visi- 
ble horizon, of which we have already spoken. It is 
the line apparently separating the earth and sky, and 
which a spectator upon the expanse of ocean, or on a 
vast unbroken plain, perceives to be a circle. 

The plane of the visible horizon is regarded as touch- 
ing the earth at the point where the spectator stands, 
though strictly speakmg this is not the case, since on 
account of the depression of the visible horizon the 
point where the spectator stands is a little above its 
plane. This is evident by referring to Fig. 15, where the 
circle JS, represents a section of the globe, S the place of 
the spectator, and the circular line VH, a part of his 
visible horizon. Now it is evident at a glance, that 
owing to the curvature of the earth the plane of the visi- 
ble horizon, which takes the direction V*VHH*, is neces- 

Whftt inference is made in view of tlie facts adduced? How is the period of rotati«Hi 
divided 1 What doe« Chapter Second treat of 1 What is the meaning of the term hori- 
zon 7 Give the meaning of the term aenaihU horizon^ and explain from figure ? 
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sarily below the parallel plane that touches the earth at 
S, the place of tne spectator, and takes the direction of 
ASA^ Nevertheless the diflference in distance between 




HORIZON EXPLAINED. 



the two planes is usually so small that they are generally 
regarded as coinciding ; the plane of the horizon being 
supposed to pass through S. 

37. Eational Horizon. The second or rational h(yr- 
izon is a vast imaginary circle whose plane passes 
through the centre of the earth,»^dividing the earth and 
sky into two hemispheres, and is parallel to the plane of 
the visible horizon. It is also represented in direction 
in Fig.. 15, by the line EE\ 

At the earth these planes are nearly 4,000 miles 
asunder, or half the diameter of the globe, but when we 
extend them in imagination as far as the fixed stars, 

Of rational koritan, and explain from figure 1 How far apart are these planes at tho 
•arth 1 Why will these planes apiiear to meet at the distance of the fixed stars ? 
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they are there supposed to meet.* For a spectator at 
such a distance from the earth, if he could possibly dis- 
cern our globe, would see it as a mere point; and the 
planes of the two horizons would a2ypar€ntly meet, there 
being no visible distance between them. In the same 
manner, if a person on the earth could really behold the 
planes of the horizons as visible surfaces, actually ex- 
tended in all directions to the fixed stars, he would 
see them coinciding, and intersecting the concave' sphere 
of the visible heavens in the same line ; for the space of 
4,000 miles by which they are separated, would at this 
immense distance apparently dwindle also in this case to 
a mere point. For these reasons it is said that the planes 
of the sensible and visible horizons cut the colicave sur- 
face of the distant heavens in the same line. 

38. Plane of the Horizon not fixed in Space. 
We have said that the plane of the horizon touches the 
surface of the earth at the point where the spectator 
stands, or in other words, is at right angles at this point 
to a plumb-line' passing through this same point. 
Now the direction oi the plumb-line varies at every point 
of the earth's surface. Consequently, there are as many 
horizons both sensible and rational as there are such 
points ; and the planes of these horizons take all possi- 
ble directions. Thus, in Fig.. 15, if S, S*, S', represent 
the stations of diflFerent spectators upon the earth's sur- 
face, it is clear that the planes of the horizons of each, 
viz, AA', A* A', A*A^, take different directions. 

1. Strictly speaking two parallel planes or lines extended to any distance 
can never actually meet, they only appear to the eye to meet Thus, to 
the view of a person standing on a rail-road where the track is straight 
for a considerable length, the parallel rails in the distance seem to approach 
nearer and nearer to each other, according as they are more remote from 
the spectator, though they are really as far apart in one place as in another. 
If the straight track is very long they will appear to meet and come to a point. 

2. If a sphere is hollow the inner snr&ce is termed a concave sphere. 
The visible heavens appear to have this form. 

3. If a ball of lead is tied to one end of a string, and the other end held 
up so that the ball can swing freely, the direction the string takes when 
the ball is at rest is the direction of the plumb-line. Plumbum is the Latin 
word for lead. 

Is Um plane of tbe kocizon fixed in space 1 How many hortzons are there 1 Explain 
from figure. 
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39. Zenith and Nadib. The point in the heaven^ 
in the direction of the plumb-line, exactly over the head 
of an observer, is the zenith ; and the point in the heavens 
beneath him in the opposite direction is the nadir. The 
zenith and nadir are the poles of the rational and sensi- 
ble horizons, since thej are points in the concave sphere 
of the heavens, ninety degrees distant in every direc- 
tion from the common line where the planes of both 
these horizons cut this sphere. 

Since the horizon of an observer changes at every 
step, it necessarily follows that his zenith and nadir also 
change. The zenith of the place directly beneath us on 
the opposite side of the eartn is our nadir, and its nadir 
otir zenitKl In Fig. 15, Z is the zenith at S, and N the 
nadir. At S*, Z' is the zenith and N* the nadir. At 
S*, Z* is the zenith and N* the nadir. 

40. Changing Aspect of the Heavens arising 
FROM the Eotation OF THE Earth. Havinff learned 
the fact of the rotation of the earth, and of the full 
meaning of the term horizon, we will now contemplate 
the aspect of the starry sky, remembering all the while 
that we are not stationary, but standing on the surface 
of a rolling balL 

41. 1^ in our latitude, upon a clear evening, we take 
a position upon some commanding eminence, we per- 
ceive the whole of the overarching sky studded with 
multitudes of glittering stars, down to the very line 
which separates the earth from the heavens. Some 
bright cluster may perhaps be seen just hanging above 
the western horizon, while another may arrest our atten- 
tion in the eastern sky. 

Time glides away unheeded as the glories of the 
splendid scene pass in review before us, and when we 
turn our ejes again towards the western group it is no 
longer visible, but has sunk beneath the horizon, while 
the cluster in the east has attained a loftier elevation. 

42. By a longer and closer observation we find that 
all the stars have this common motion from east to west, 
and that they appear to move in circular paths. 

What M meant by xeoith and nadir? Uarinf now loarned the maaninf of the term 
horixou, to what is our attention next directed 1 In what direction do all the itan tk\r 
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It is moreover noticed, that the stars in passing over 
from the eastern to the western horizon, describe greater 
or less portions of the circumference of a circle, accord- 
ing to their different positions in the heavens. Thus, 
the farther to the north a star rises, the greater is the 
arc* it passes through, and the longer it is visible, till 
at last we observe stars fiso* in the north which never sink 
below the horizon, but revolve about some unseen centre 
situated high up in the northern sky. On the contrary, 
in the southern quarter of the heavens the arcs of circles 
described by the stars are seen to be smaller and smaller 
as our eyes are directed to points more and more remote 
towards the south ; until, at the southern extremity of 
the heavens, the i)right luminaries scarcely lift their 
heads above the horizon before they begin again to de- 
scend and withdraw from our view. 

43. Our knowledge of the rotation of the earth ren- 
ders these appearances perfectly intelligible. The stars 
are not really in motion, but only appear to be, for the 
earth in its rotation from west to east is constantly de- 
pressing the eastern part of the horizon and elevating 
the western, so that a star rises in consequence of the 
eastern horizon being carried hehw it, and sets because 
the western horizon is carried up to it and above it. 

44. This point is illustrated in Fig. 16, where circle 
E represents the earth rotating from west to east," as 
shown by the direction of the arrows. Ka person is at 
M, on the surface of the earth, the plane of his horizon 
is in the line HHS and the star S is above his western 
horizon, and the star S* below his eastern horizon. But 
when the earth in its rotation brings the person into the 
position M*, the plane of his horizon has been so changed 
as to take the direction H*H*, and the star S has set 

1. ilrc, any portion*of the circumferenoe of a oirole. 

2. The phrase, revolving from went to eaet, is explained in Art. 107. 

pear to move, and in what kiml of path ? Do they all describe, in our own latitude, 
equal portions of the circumference of a circle, while abore the horizon, and are they all 
visible for the same lenrth of time ? What is said respectinf the stars situated in the 
northern portion of the neavens, and what of those in the southern 1 How is the motion 
of the stars explained 1 Are they really in motion 1 How do you explain the rising and 
setting of a star ? Illustrate from the fif uie. 
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below the western horizon, while the star S* has risen 
above the eastern. 

45. Why the Stars appear to describe Circles, 
The apparent circular paths of the stars is the result of 
our own circular motion on the surface of the earth ; for, 
not perceiving ourselves to move, these orbs appear 
to have the kind of motion that really belongs to us. 
This illusion is the same as that which happens when 
two trains of cars coming from opposite directions stop 
side by side in a depot, and a passenger in one looks out 
at the opposite stationary train, the moment his own 
starts ; unconscious of his own motion, the train at his 
side appears to him to move in a contrary direction to 
that in which he himself is actually proceeding. If his 
own train moves in a straight line, the other appears to 
do so likewise ; but if the former moves in a circular 
track, such is the apparent course of the latter. In like 
manner a spectator moving in a circle^ upon the rolling 
surface of tne globe, sees uie stars moving in circles in 
a direction contrary to his own, imagining himself all 
the while to be at rest. 

46. Why these Circles Differ in Size. The rea- 

Explain why the stars appear to describe eirdes, and why these circles apparently difler 
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son why the stars apparentlj describe circles of diiSferent 
magnitudes is the following. As the earth rotates on its 
axis, the parts of its surfece near the equator, in virtue 
of this motion of rotation, pass through a greater space 
in twenty -four hours than any other portions of the 
surfEice, since they describe greater circles ; and the space 
thus passed through in a day by any spot on the earth's 
surface is jproportionally less as this spot is situated 
farther from flie equator. At either pole it becomes 
nothing; for the poles, which are the extremities of the 
axis of rotation, are necessarily at rest, and are the only 
points on the surfece of the earth which do not descrilJe 
circles, in consequence of the earth's rotation. 

Now, since the motion of the earth produces a con- 
trary apparent motion in the stars, the orbs directly 
above the earth's equator will pass through a greater 
space in the same time, that is, describe greater circles, 
tnan the stars that pass through the zeniths of regions 
lying north and south of the equator. And the circular 
paths of the stars will become smaller and smaller as 
they are described nearer the two opposite points in the 
heavens, to which axis of the rotation of the earth is 
directed. These points are termed the north and south 
poles of the heavens, and around them all the luminaries 
of the celestial canopy appear to revolve. They are 
situated directly above the poles of the earth, and as the 
latter are the only points on the sur&ce of the earth un- 
influenced by its rotation, any star directly above them 
at the poles of the heavens would be stationary. One 
degree and a half distant from the north pole of the heav- 
ens a bright star is found, which is termed the pole star. 

47. Changing Aspect of the Heavens arising 
FROM CHANGE IN LATITUDE. A person Standing on the 
surface of the earth at the equator, has the plane of his 
horizon parallel to the axis of the earth. The poles of 
the heavens are consequently situated in this plane, and 
his horizon appears to pass through them. All the circles 

What ii oMUit by the north and 10001 poles of tbo Iimtmm ? Woald a star at thcM 
points appear to move 1 How far from the north pole of the heavens is the pole star 
sitaatedl Describe the celestial appearaneee at the equator. 
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of daily motion* are therefore perpendicular to the hor- 
izon. A star which rises in the east passes directly 
overhead and sets in the west, and each orb describing 
half a circle above and half below the horizon is, there- 
fore, visible for twelve hours, and invisible for the same 
space of time. Far in the north is seen the pole star, 
which rises above the horizon one degree and a half, 
slowly revolving in a circle only three degrees in di- 
ameter in the space of twenty-four hours. 

48. If the observer now advances northerly his hor- 
izon constantly changes in position, being depressed 
below the north pole of the heavens, and elevatea above 
the south the same number of degrees and parts of a 
degree that corresponds to his latitude. Thus, if he has 
arrived at ten degrees^ north latitude^ the northern pole 
is ten degrees above his horizon, and the southern ten 
degrees below it If, at ffty degrees^ thirty minutes^ 
north latitude^ the north pole is fifty degrees and thirty 
minutes above the horizon, and the southern as mucn 
below it. And if it were possible for a person to attain 
the distance of ninety degrees, north latitude, and stand 
upon the northern pole of the earth, his horizon would 
be parallel to the equator, the north jjole of the heavens 
would be ninety degrees from the horizon, that is, in the 
zenith^ and the southern pole of the heavens would 
coincide with his nadir. 

49. This change in the relative positions of the poles 
of the heavens and the horizon produces a correspond- 
ing change both in the inclination of the circles of daily 
motion to the horizon, and in the period of visibility 
of different stars. For, all the stars apparently re- 
volve in circles, at right angles to the imaginary line 
joining the poles of the heavens, called the axis of the 
heavensy and as the north pole of the heavens is elevated 
more and more above the horizon, these circles of daily 

1. By the term circlet of daily motion j is understood the circles desonbed 
by the heavenly bodies in their apparent daily motion from east to west 

What cbanfes occur as en obMrver advance* towards the north ? If he stood ufion 
the pole where would the north pole of the heaTcni be 1 Where the south ? What cor- 
responding changes are produced by tbe variations in position incident to the poles of the 
heavens and the horizon 1 What is the axis of the heavens ? 
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motion must cut the horizon more and more obliquely; 
until at the north pole of the earth a person would see 
the stars revolving about him in circles parallel to the 
horizon. 

50. Moreover, when the north pole of the heavens 
rises above the horizon, and the south sinks below it, it is 
only those stars that are situated directly above the earth's 
equator which are visible in a clear sky for twelve hours 
above the horizon, and are absent as long below it ; since 
the centre of their circle of daily motion is alone in the 
plane of the horizon. All the stars to the north of the 
equator have the centres of their circles of daily motion 
more and more elevated above the plane of the horizon 
according as they are situated farther to the north. The 
circumferences of the circles they describe, it is true, be- 
come smaller and smaller, but the arcs described above 
the horizon are proportionally larger; and consequently 
the time that a star is visible increases up to a certain 
limit from the equator towards the north, 

51. Circle of Perpetual Apparition. There are 
stars which never set ; for when an orb is at a less dis- 
tance from the pole than the horizon is, it is evident 
that such a star will continue to revolve about the poles 
without ever sinking below the horizon. A circle 
around the elevated pole having a radius equal to the 
altitude of the pole above the horizon is called the circle 
of p€Tve(ual apparition^ because the stars within it never 
set. This circle changes in size with the change of lat- 
itude. In latitude ten degrees its radius is ten degrees ; 
in latitude fifty degrees, fifty degrees ; and at the pole 
it would be ninety degrees, comprehending the entire 
visible heavens, eyery star above the horizon revolving 
in a circle parallel to it. 

52. Let us now direct our attention to the stars towards 
the south pole, our place of observation being the north- 
ern hemisphere. In this direction the axis of the heavens 
is depressed below the horizon, the south pole of the 

How would the start appear to revoWe to a spectator at the north pole 1 What is 
■aid respectinf tHe times of visibility of stars at the equator and north of the equator? 
Are there sUrs which never set ? What is meant by the circle of perpetual apparition ? 



State what is respecting the extent of the arc described by stars south of the equator, and 
of the extent of their times of visibility. 

4* 
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heavens being as far below the horizon as the north pole 
is above it. The centres of the circles of daily motion de- 
scribed by the stars being in this region below the hori- 
zon, the arcs they pass through above the horizon are 
less than semi-circumferences/ growing smaller and 
smaller the farther to the south a star is situated. Their 
periods of visibility will decrease in like manner, until we 
arrive at a point m the southern heavens where a star 
just glimmers for a moment upon the horizon and then 
sets again. 

53. Circle of Perpetual Occultation. The stars 
that are situated at a less distance from the south pole 
of the heavens than the pole is depressed below the nor- 
izon, will never in their daily revolution come into sight. 
A circle around the depressed pole, having a radius 
equal to the distance of this pole below the horizon, is 
called the circle of perpetual occuUatwn, because the stars 
within it never rise to our view. 

64. Like the circle of perpetual apparition, that of 
occultation varies with the variation of latitude, and at 
the same place the magnitude is the same, since one 
pole is elevated the exact amount that the other is de- 
pressed. Thus, in north latitude ten degrees, the south 
pole of the heavens is ten degrees below the horizon, and 
the radius of the circle of perpetual occultation is also 
ten degrees. In north latitude fifty degrees, it is fifty 
degrees, and at north latitude ninety degrees, that is, at 
the north pole of the earth, it comprises the entire half 
of the heavens below the horizon. 

55. We have thus far described the changing aspect 
of the heavens, by supposing a traveler to proceed from . 
the equator towards the north ; were he to take tJhe op- 
posite direction and move towards the south, the phe- 
nomena we have described would be exactly the same, 
only reversed in position. Thus, the plane of the hor- 
izon would dip towards the south, the north pole of the 

1. A seini-circumferenoe is half a circumference. 

What ii meant by the term circle of perpetual occultation 1 How does the circle of 
perpetual occultation compare in extent with that of perpetual apparition 1 What would 
be their extent to an observer at either pole of the earth 1 State what is said respecting 
the phenomena of the heavens when the observer advances to the south. 
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heavens would be depressed, the southern elevated, and 
the stars would be longer above the horizon south of 
the equator than north of it. To an observer at the 
south pole of the earth, the south pole of the heavens 
would be in the zenith, and the circles of daily motion 
would be parallel to the holrizon. The circle of perpetual 
apparition would be around the south pole of the heav- 
ens, and that of occultation about the north, and so* on. 
56. These remarks may be still farther impressed 
upon the mind by studying the annexed figure, where 

FIG. 17. 




TAKTINO A8PKCT OP THE UEAVKN8, ARMINO FBOM CHANGES IN LATITUDE. 

the outer starred circle represents a section of the con- 
cave sphere of the heavens, 0, the earth, SP and NP 
its north and south poles, the line SPNP its axis of 

Explain the fi^uxe. 
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44 THE EARTH VIEWED ASTRONOMICAI.LY. 

rotation, and EQ its equatorial diameter. S*P' and NT' 
are the north and south poles of the heavens, and the 
imaginary line, S'P*N*r\ the axis of the heavens, 
about which the stars apparently revolve. E'Q* is the 
diameter of the celestial equator.* 1, 1 ; 2, 2 ; 3, 3; &c., 
are the diameters of other circles, in the circumferences 
of which the stars appear dailv to revolve. If a spec- 
tator is at the equator, at E, his sensible horizon co- 
incides with his rational, ST^NT*, at the vast dis- 
tance of the fixed stars; and the poles of the heavens, 
are consequently upon his sensible horizon. Thus sit- 
uated, we see that the circles of daily motion are per- 
pendicular to his horizon, and each of the stars that are 
seen at all, apparently describes a semi-circumference 
above and a semi-circumference below the horizon, being 
for twelve hours visible and for twelve hours invisible. 
This is evident, since the diameters of these circles have 
their centres, as V,/ g, A, &c., in the plane of the horizon. 
If the observer moves to O, north latitude^ forty degrees^ 
LM becomes his rational horizon. The north pole of 
the heavens is elevated, and the south depressea forty 
degrees." The radius of the circle of perpetual appari- 
tion, is MR, whose angular breadth is also equal to forty 
degrees, and LV, having the same extent, is the radius 
of the circle of perpetual occultation. The circles of 
daily motion are nere oblique to the ^horizon, LM, and 
the stars north of the equator are consequently above 
the horizon a proportionally Itmger time than twelve 
hours, as they are nearer the circle of perpetual appari- 
tion. South of the equator they are albove the honzon 
for a proportionally shorter space than twelve hours, 
the nearer they approach the circle of perpetual occulta- 
tion. These points are evident when we compare the 
parts of the lines, 1,1; 2, 2 ; 4, 4 ; and 5, 6 ; which are 
above the horizon, LM, with the parts that are below, 

1. The diameter of the celestial equator is the diameter of the earth's 
equator extended to meet the starry heavens. See Art. 64. 

2. N'GM is an angle of forty degrees, and as the ratioDal horizon of 
the spectator at O coincides with his sensihle horizon at the distance of the 
fixed stars, the angle of elevation of the pole, N^P^, at his station, O, on 
the surface, will alro be forty degrees. 
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viz., 56, 65; 2d, d2, &c. At the north pole, NP, the 
horizon takes the direction of the line E*Q*, the north 
pole of the heavens, N*P*, is in his zenith, and all the 
stars in the hemisphere, E*NT*Q*, revolve in circles 
parallel to the horizon : E^C is at once the radius of the 
circle of perpetual apparition and occultation, since all 
the stars above the horizon never set, and those below 
it never rise above it If the observer moves toward 
the south pole of the earth, it is clearly seen that these 
appearances are exactly reversed. 

57. Latitude of any Place equal to the Eleva- 
tion OF THE Pole of the Heavens. From what has 
been just stated, it is evident that the latitude of any 
place is equal to the altitude of the pole of the heavens 
above the horizon. For we have seen that at the equa- 
tor, where the latitude is nothing, the elevation of the 
pole is nothing ; at latitude forty degrees the elevation 
of the pole is forty degrees, and at the poles of the earth, 
or latitude ninety degrees, the pole of the heavens is 
ninety degrees from the horizon, and is in the zenith. 
And the same is true for every latitude, either north or 
south of the equator. 



CHAPTER III. 

ON THE KODE OP DETERMINING THE PLACE OF A HEAVENLY BODY. 

58. The first object of the geographer in describing 
the earth with its kinedoms, cities, mountains, oceans, 
seas, islands, &c., is to determine their exact position on 
the surface of the globe. This he obtains m the case 
of a city, for instance, by finding yihs<, how many degrees, 
minutes, and seconds, it is situated east or west from a 
great circle, called a meridian^ * passing through the poles 
of the earth and some assumed point on its surface, as a 

1. See Art. 63 for the meaning of the term meridian. 

What ii the latitude of any place equal to ? What ii the sabject of Chapter mt 
What is the first object of the geographer ? In what manner does he determine the posi- 
tion of ft city 7 Give an instance. 
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celebrated obBervatory; and secondly ^ its distance in de- 
grees, minutes, and seconds, north or south of the great 
circle called the equator^ passing through the centre of 
the earth at right angles to its axis of rotation. Thus, 
for instance, the position of New York City Hall is fixed 
by finding first, that it is situated seventy-four degrees, 
and three seconds (74** (KK 03^^) west of the meridian 
passing through Greenwich Observatory. This is its 
hngitwie. Next, that it is distant north of the equator 
forty degrees, forty -two minutes, and forty -three seconds 
(40** 42' 43'0- This is iX&%ititude. These two meas- 
urements are sufficient to mark with precision its situa- 
tion upon the globe, for no other spot on its surface 
can have this latitude and longitude. 

-69. In a similar way the astronomer determines the 
position of stars in the concave sphere of the heavens, 
by measuring their angular distances from the planes 
of two great circles^ at right angles to each other. But 
in order to understand intelligibly the method pursued, 
. we must first give our attention to the manner in which 
both the globe and the sky have been intersected by im- 
aginary lines and circles, and to the relations existing be- 
twieen them ; bearing constantly in mind that these lines 
and circles all are pure fictions, not one of them really ex- 
isting in nature, but that they have been invented by 
astronomers and geographers simply for the purpose of 
arriving at certain results. Some of these we have al- 
ready described, but shall refer to a few of them again, 
in this connection, since it is highly important that the 
scholar should always have in his mind a clear idea 
respecting these imaginary circles and lines. 

60. Celestial Sphere, Poles, Axes, and Meridi- 
ans. The celestial s^ere is the concave sphere of Ae 
heavens, in which the stars appear to be set The poles 
of the earth are the extremities of that imaginair line 
upon which it revolves ; the latter is called the axis. If 
any plane passes through the poles and the axis in any di- 

Hiiw does the lutrooomer determine the pocition of a star 7 Whnt ii said respectinf 
Uie circles and lines employed by astronomers for this purpose 1 What is meant by tlie 
celestial sphere 1 The poles of the earth 1 Its axis 1 Terrestrial meridiana. Explain 
from figure. 
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rection, its intersection with the surface of the earth is a 
circle, and is called a terrestrial meridian. Thus, in Fig. 
18, which represents the earth and the celestial sphere, 



FIG. 18. 




THE BARTH AND THE CELEITUL SPBERB. 

the line NS is the axis of the earth. N, the north pole, 
S, the south pole, and NES, NIS, N2S, N3S, are ter- 
restrial meridians. 

61. The axis of the earth, extended in imagination 

VV^hat is iiieant by the nxis of the celMtial iphere 1 The poles of the heavens ? 
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48 THE EARTH VIEWED AOTRONOMIOALLY. 

each way until it meets the starry sky, becomes the axis 
of the heavens^ or celestial sphere^ around which all the 
stars appear to revolve. The extremities of this axis are 
the poles of the heavens. Thus, in the figure, where the 
outer starred circle represents a section of the celestial 
sphere, the line N*S* is the axis of the celestial sphere, 
and N' and S* its north and south poles. The axis of 
the earth is that part of the axis of the heavens, which 
is intercepted between two opposite points on the earth's 
surface, and these two intercepting points are the poles 
of the earth. 

62. If any plane passes, through the poles and axis 
of the heavens in any direction, its intersection with 
the imaginary surface of the celestial sphere is .a celestial 
meridian, A terrestrial and celestial meridian are, there- 
fore, formed by one and the same plane ; the first occur- 
ring when the plane is intersected by the surface of the 
earth, the second when it is cut by the concave sphere 
of the heavens. Thus, WW^\ N»1SS N»2S\ and Wi^\ 
are celestial meridians; and NES, NIS, N2S, and N3S, 
their corresponding terrestrial meridians. 

63. The plane of the meridian at any place is perpen- 
dicular to its horizon, and consequently passes tnrough 
its zenith and nadir, dividing the visible heavens into 
two equal parts towards the east and west. For this 
reason this circle is called the meridian circle^ because 
when the sun, in his apparent diurnal revolution, comes 
to the meridian of any place, it is there noon, or mid- 
day ; the Latin word for mid-day being meridies. 

64. Equators. If we suppose a plane passing 
through the centre of the earth, perpendicular to the axis 
of rotation, its intersection with the surface of the eartfi 
forms a circle called the eqtmtjor^ or terrestrial equator^ 
and if this plane is extended in imagination to the fixed 
stars, its intersection with the celestial sphere is also a 
circle, called the celestial equator, or ^rtiinoctial. Thus, 
in Fig. 18, EQ is the equator, and E^Q' the celestial 

What » meant by celestial meridiaml Explain from figure. What are the rela- 
tive positions of the plane of the meridian of auT place and the f^ne of Um horizon t 
What u the meaninf of the term meridian 1 What is the terrestrial equator? Wte 
the celestial 1 
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equator. They appear as straight lines in the figure, 
because we see them in the direction of their planes. 

65. Vertical Circles. Vertical circles are those 
which are imagined to be formed by planes passing 
through the zenith, perpendicular to the horizon, and 
intersecting the celestial sphere. The vertical circle 
passing through the east and west points of the horizon 
IS termed the prime vertical, while that which intersects 
the north and south points becomes a meridian. Thus, 
in Fig. 19, where A represents the earth, SZWMN the 
celestial sphere, Z the zenith, and the plane S WNE the 
horizon— PZHM is a vertical circle, W ZEM the prime 
vertical, and SZNM a meridian, 

FIG. 19. 




AZIUUTH AND ALTITaDE OF A BTAE. 

66. The Position of a Star — how determined. 
The place of a star in the sky may be determined in 
three ways. First, by referring it to the planes of a 
celestial Tneridmn ana of the horizon, tiecondly, by 
noting its distance from the planes of a given m^&ridian 

What are vertical circles 1 What the prime vertical 1 Is a meridian a vertical circle 1 
Explain from figure. In how many ways is the position of a star fixed? Describe them 

5 
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60 THB EABTH VIEWED ABTBONOMICALLY. 

and the celestial equcUor. Thirdly^ by referring it to the 
planes of a given meridian and the ecliptic.^ 

67. Azimuth, Amplitude, Altitude, and Zenith- 
distance. Proceeding according to the first method, 
we should ascertain the situation of a star in the follow- 
ing way. Suppose the star is the beautiful luminary, 
Alpha L^8B, and that we observe it in the east Hav- 
ing previously foimd the plane of the meridian, by 
methods hereafter to be explained, we should now im- 
agine a vertical circle to pass through our zenith and 
the star, cutting the horizon at right angles. Then, with 
the proper instrument, we should measure on the horizon 
the angle which the vertical plane makes with the me- 
ridian. This angle is called the azimuth of the star, 
and is reckoned from north to south when a star is north 
of the prime vertical, and from south to north when 
south of the prime vertical. The difference between 
the azimuth and ninety degrees is the distance of a star 
from the prime vertical, and is called the amplitude. 

68. The next step is to ascertain the angular elevation 
of the star above the horizon, measured on the vertical 
circfe passing through the orb. This angular distance is 
callea the altitude of the star, and the difference between 
its altitude and ninety degrees is its zenith distance. By 
having the azimuth and altitude of a star we thus fix 
its position in the sky, at any given time and place. 

69. The subject is illustrated by Fig. 19. Let A rep- 
resent a place on the earth ; 2, the zenith of the place 
where an observer is stationed ; NEHEW, the circle of 
the horizon;* SZNM, the meridian circle; ZWEM, the 
prime vertical ; B, a star, and ZBHMP, a vertical circle 
passing though the zenith and the star, B: all these 
circles being circles of the celestial sphere. Then the 
angle NAH, is the azimuth; EAH, the amplitude; 
BAH, the altitude ; and Z AB, the zenith distance of the 

1. For the meaniDg of the word ecliptic^ see Art. 73. 

2. It will be remembered that the planes of the sensible and rational 
bOTizoas Tirtnally meet at the distance of the fixed stars. 

Show bow we are to proeeed according to the fint nnethod. What ii meant by the 
termi azimuth, amplitude, altitude, and zenith distance. Show firom the figure how thee^ 
measurements of a star are taken. 
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star, B. Had the star been situated at P, its amplitude 
and azimuth would have been reckoned from W, to- 
wards S, ikQ former being the angle W AE, the laiter SAR 

70. This method of determining the position of aj 
heavenly body is, however, not sufficient for all astro- , 
nomical purposes, since, inasmuch as every place on the 
globe has a different horizon^ the azimuth, amplitude, 
altitude, and zenith distance of the same star, taken at 
any two places at the same absolute point of time, will 
not be alike. Astronomers have, therefore, devised a 
method of fixing the place of a star in the heavens, by 
measuring its distance from two celestial circles^ tm- 
changeable in position, whatever point the observer oc- 
cupies upon the surface of the earth. These two circles 
are the celestial equator^ and that meridian which passes 
through the centre of the sun in the spring, at the 
moment this centre is upon the celestial equator. This 
point of the celestial equator has received the appellation 
of the vernal equinox,^ 

71. Declination and Eight Ascension. The an- 
gular distance of a star, measured ^rom the celestial 
equator, on a meridian passing through the star, is called 
its declination^ and is termed north or south declination, 
according as the star is situated north or south of the 
equator. Right ascension is the distance of a star meas- 
ured on the celestial equator in an easterly direction from 
the meridian passing through the vernal equinox. Eight 
ascension may be reckoned either by angular measure- 
ment,* viz., degrees, minutes, and seiconds, or by time, 

1. V«r, tbe Latin word for spring; equinox^ a word formed from two 
Latin words, aquuSy equal, and nox, night. The vernal equinox is so 
called because when the sun appears at this point in the heavens, the nights, 
and consequently the days, are equal in length in every part of the world. 

2. The Mowing figure will enable the sonolar to understand how angu- 
lar measurements are taken. Let OCD be a portion of a brass circle, the 
arc of. which, viz., OD, is divided into degrees and minutes. To the centre, 
G, a telescope, PL, is attached, movable on a pivot at C. Now, if the brass 
are is held vertieaHy^ and the edge, CD, horixontally, and the observer. 

Why it not the potition of • star ftoeoratolv fixed for all astronomical purpoaet when 
it* aximuth and altitude are determined ? Wbat other mode of meaturement hat been de- 
bited by attronomert ? What it understood by the term vernal equinox ? What it deeli- 
inationi What it rifht atcentioni How it it reckoned 1 Explain from iM<e *2 how 
angular meaturementt are taken. 
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viz., hours, minutes, and seconds. For, since all the fixed 
stars in the heavens apparently revolve about the earth 
once eveiy twenty-four hours, any star completes three 
hundred and sixty degrees of angular motion in that 
time ; consequently it seems to move fifteen degrees 
every hour, nfteen minutes eveiy minute of time, and 
fifteen seconds every second of time. So that a star 
which is situated on a meridian fifteen degrees east of 
the meridian passing through the vernal equinox, is said 
to have a right ascension of fifteen, degrees, or of (m& 
hour; inasmuch as one hour elapses between the pas- 
sage of the vernal equinox, and that of the star across 
the meridian of the place of the observer. 

72. The subject is illustrated by Figure 20, where P 
represents the north of the heavens, Pt a celestial 
meridian passing through the vernal equinox, QAQ, the 
celestial equator,^ S, the place of a star, PSA, a part of a 
celestial meridian passing through the star, and C the 
centre of the celestial sphere ; or what is the same in 
effect the place of the spectator. 

Now the declination of the star is the arc SA, since 
this arc measures the angular distance of the star from 
the equator QAQ*. PSA, is one quarter of a meridian 

with his eye at P, then views a star in the direction, PCLS, the angle meas- 
ured on the arc, DO, from D, viz., DCL, or HCS, will be the altitude of the 
star, S, above the horizon, H. In the figure it is fifteen degrees. If the 
brass arc is held horizontally^ and the edge, CD, is in a line with the me- 
ridian^ the angle, SCH, will be the azimuth of the star. 




1. The character °|« is called Aries and is that point in the celestial 
equator which is. termed the vernal equinox. P^ is read thus, P, 
Arieg, 

Show from figure what is the declination and right nsceiisinn nf the star at f< 
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passing through S, and contains ninety degrees, and if 
AS contain forty degrees, the declination of the star is 
forty degrees north. The right ascension of the star is tA, 

FIG. 90. 



DECLINATION, RIGHT ASCENSION, LATITUDE, LONGITUDE. 

and if this arc contains fifteen degrees the star at S has 
fifteen degrees of right ascension or one hour. 

78. EoLiPTiO. The imaginary line that the earth de- 
scribes in her annual progress around the sun is termed 
her orbit, and its position in regard to the celestial 
equator is ascertained by tracing the apparent path of 
the sun through the-heavens, from day to day through- 
out the entire year. It differs somewhat from the form 
of a circle being an ellipse, and its plane passes through 
the centre of the earth and sun, having an inclination 
to that of the celestial equator of about 23** 2V. Its 
intersection with the celestial sphere is called the eclip- 
tic^ ; and constitutes what may be regarded as a great 
circle of the heavens. 

74, Latitude and Longitude. In addition to the 
two preceding methods of determining the position of 
the stars, a third has been adopted by referring them to 

1. So called because eclipses happen when the sun, earth, and moon 
are in its plane. 

What it lUMnt by the earth's orbit b it • circle t What it the ioclination of iU 
plane to that of the celestial eqnatorl What is the ecliptic ? What is understood by 
the Latitude of a star 1 What by iU Longitude. Explain from fifore. 

5* 
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the ecliptic^ and to the meridian passing through the 
vernal equinox. Thus, the angular distance of a star 
from the ecliptic measured on a great circle passing 
through the poles of the ecliptic, is called its latitude^ 
and its angular distance measured on the ecliptic east- 
ward, from the meridian whence right ascension is 
reckoned is termed its longitude. Thus, in Fig. 20, where 
°fLE represents the ecliptic, P' its north pole, P*°f a 
great circle passing through Aries, and P*SL, a great 
circle passing tlirough the star at S', SL is the latitude 
of the star, that is, its distance ,/Jt)m the ecliptic measured 
on the ^eat circle P'SL. Since the arc P*SL is ninety 
degrees, if SL is thirty degrees, the latitude of the star is 
thirty degrees north. The longitude of the star is °rL ; 
the angular distance from Aries measured on the ecliptic 
to the great circle P *SL passing through the star. If T L 
is thirty-Jive degrees, then the hngUude of the star is 
thirty-five degrees. 

75. The Signs. The ecliptic is divided in twelve 
equal parts, called signs, each sign occupying in the 
heavens, an extent of thirty degrees; within these divi- 
sions, are situated certain conspicuous clusters of stars, 
termed constellations, which in the infancy of Astronomy, 
received particular names, and these names were also 
given to the signs. The following are the names and 
characters of me signs, north of the celestial equator, be- 
ginning at the vernsu equinox, 

ARIES, The Ram, ....T CANCER, The Crab, ft 

TAURUS, The Bull b LEO, The Lion, "HJl 

GEMINI, The Twins, H VIRGO, The Virfin, © 

The next six the names and characters of those 
south of the celestial equator, 

LIBRA, The Sealei, =^ CAPRICORNUS, The Goat, ....V3 

SCORPIO, The Scorpion, "^l AQUARIUS, The Water Bearer, ^ 

SAGrrTARIUS, The Archer,... t PISCES, The Fish, K 

76. Zodiac. The Zodiac is a belt of the celestial 
sphere extending eight degrees on each side of the eclip- 

How is the ecliptic divided 7 What is the extent of each sign 1 What are situated 
within these diTisions 1 Give the names of the signs 1 Whidi are north and which 
south of the celestial equator ? What is the Zodiac, and why is it so called 1 
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tic. It is SO called from the Greek word zodia mean- 
ing figures of animals because the signs of the ecliptic 
are lormed prindpallj of the figures of animals. 



CHAPTER IV. 

OP REFRACnON AND PARALLAX. 



77. In the last chapter we explained the methods of 
determining the position of the heavenly bodies by meas- 
uring their angular distances from certain great circles 
of the sphere. 

In order, however, that their places may be fixed with 
precision, two important corrections are necessarv, one 
to be applied in the case of the fixed stars^ and both 
when the bodies observed are comparatively near the 
earth, as for instance, the sun and moon. The question 
may be asked, why are these corrections indispensable? 
The reply is ; First, that owing to the action of the at- 
mosphere upon the rays of lignt, a star is seen out of its 
true place in every position but one ; Secondly that a 
like displacement occurs when a body not very remote, 
as the moon for instance is observed at the same instant 
of time from different points of the earths surface. The 
first displacement is caused by refrojctixyn} the second by 
'paralhx.^ 

78. Eefraction. When a ray of light emanating 
from any object, passes obliquely out of one medium* 

1. Refraction, From the Latin refractus, broken. The deviation of a 
line from its original course. 

2. Parallax, From the Greek TopaXXa^fer. To change one place for 
another. 

3. Medium, This word here means any thing through which light 
paotes. Thus if we look at a star the atmosphere is the medium through 
which we see it, and is so called because it is in the middle between ue 
eye and the star. Medium is the Latin word for middle. 

What have been explained in the last Chapter 1 How many important corrections are 
necessary to fix with precision the place of a heavenly body f What eflSsct has the at- 
mosphere upon the rays of light 1 How is the second displacement caused ? What it 
refraction 1 What parallax 1 Explain refraction. 
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into another of diflferent density, it is refracted or bent 
out of its original course, and when it reaches the eye, 
the object is seen in the direction of the last refrdcted ray. 

In passing out of a rarer into a denser medium, the ray 
is turned towards the perpendicular to the surfisM^ of the 
medium ; the latter being drawn through the point where 
the ray strikes the surface. Now the atmosphere is a 
transparent medium, enveloping the globe and gradually 
decreasing in density from tne surface of the earth 
upwards ; as the light from all celestial objects reaches 
us through this memum, it necessarily suffers refraction, 
and these radiant bodies are therefore seen by us as out 
of their true place. 

The angular distance between the true and apparent 
place of a heavenly body, is its astronomical refraction, 

79. Thus, if E, Pig. 21, represents the earth, Z the 
zenith, and 1, 2 ; 2, 3 ; 3, 4, different strata of the atmos- 
phere, decreasing in densily from 1 to 4, a ray of li^ht 
proceeding 'from the star S, and meeting the exterior 
stratum of the atmosphere at 4 will be successively re- 
fracted in the directions 4, 3 ; 3, 2 ; 2, 1, towards the per- 
pendiculars 4a, 3b, 2c ; so that a spectator at 1 will not see 
the star S in its real position, at S, but above it in the direc- 
tion 12 S\ The angle SIS* is its astronomical refraction. 

80. The direction of the raj in its passage through 
the air is constantly varying, since the density of the at- 
mosphere changes by imperceptible degrees. Its course 
will not therefore be accurately represented by the 
broken line 4, 3, 2, 1, but by a curved line taking the same 
general direction passing through the points 4, 3, 2, 1, and 
concave to the suiface of the earth. 

81. Variation of Eefraction in respect to Alti- 
tude. When a ray of light passes out of one medium 
into another, the more obliqudy it strikes the surface of 
the second medium the rmre it is refracted^ and if it falls 
upon it perpendicularly \hQ ray is not refracted Q.t all. 

82. Now the light from a star strikes the atmosphere 
at the greatest possible obliquity, when the luminary is 

In what direction is an object seen. In passing out of a rarer into a denser medium, 
how is the ray bent? What is said respecting the atmosphere ? What is Astronomical 
refraction. Explain from figure. Why is the coarse of the ray a curved and not a broken 
line ? When is a ray of light most refracted ? When not at all ? 
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upon the horizon. This obliquity continually dimin- 
ishes with the altitude. At the zenith it is nothings for 



FIG. 21. 




REFRACTION. 

the rays of a star in the zenith fall perpendicularly 
upon the atmosphere. The refraction is therefore great- 
est at the horizon^ and constantly decreases with the alti- 
tude^ until at the zenith it becomes nothing. The follow- 
ing table exhibits the amount of refraction at different 
altitudes. 

▲rPARIRT ALTITUDB OP TBI RADUNT BODY IBINO TBB AMOmrr OP RBPRACTION !■ 

at the horizon, 83^ W 

lo 24^ 25'^ 

3° 14" 86^" 

10° 5^ 20"" 

20^ 2" 39"" 

44° . 1" 

62° 31"" 

71° 20"" 

83° 7"" 

90° at the zenith, 

It will be seen by a simple inspection of the table 

In what petition of a heavenly bodv are its rayi most refracted ? Where is it seen in 
its true place. Give the table of altitudes and corresponding refractions 1 
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that the decrease of refraction is not by any means 
Tiniform, for the changes are extremely rapid near the 
hor^ion but proceed very slowly as we approach the 
zeniffb, 

83. The Effect of Eefbaction on. the Position 
OF Heavenly Bodies. Eefraction causes a body to be 
seen above its true place. Thus, in Figure 21, the 
observed star, if there was no refraction would be seen 
bv the spectator in the direction 1 S ; S beinff its true 
place, but owing to the refraction caused by the atmos- 
phere, it is seen at S' nearer the zenith, it has there- 
fore been elevated by refraction through the angular dis- 
tance SIS* measured on a great circle perpendicular to 
the horizon. Eefraction, therefore, increases the altitude 
of a heavenly body, or what is the same diminishes its 
zenith distance. The correction for refitiction must 
therefore be subtracted from its apparent altitude in order 
to obtain the true altitude. 

84. On Declination and Eight Ascension. The 
displacement produced by refraction, affects the declina^ 
tion and right ascension of a heavenly body. If an 
observer stationed at the equator, were to take the alti- 
tude of any star on the meridian, either north or south 
of the zenith, on account of refraction the star would be 
seen nearer the celestial equator than it actually is. Its 
declination would therefore be diminished. It the star 
observed were in the east upon the celestial equator, re^ 
fraction would carry it along the celestial equator nearer 
the vernal equinox than its real position, and would 
therefore diminish its right ascension, but if the star was 
in the west it would be carried by refraction Jrom the 
vernal equinox, and thus its right ascension would be 
increased. 

85. An observer at either pole of the earth would see 
the horizon coinciding with tne celestial equator and at 
these stations, refraction would consequently increase 

Are the ch«ii|^ in refraction from the horizon to the zenith unifi^m 1 Where 
are they most rapid 1 Where slowest ? Is a heavenly body seen above or below its trae 
place, when its IMit saflTers refraction 1 Explain from figure. How is the altitude of a 
heavenly body aflected by refraction 1 What use must be made of the correction for re- 
fraction in order to obtain the true altitude 1 Explain in what manner the astronomical 
refraction of a heavenly body would affect its right ascension and declination at the equa> 
tor : when on the meridian or the celestial equator ? How at the poles 1 
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the declination of every star in the visible heavens. 
Their right ascension would be unaffected. 

In all latitudes from the equator to the poles, the dis- 
placement caused by refraction is in a direction oblique to 
the celestial equator, unless the heavenly body is in the 
meridian, it therefore affects with this exception both 
right ascension and declination, and the same is true in 
respect to the refraction of all stars observed at the 
equator, which are not situated either on the meridian 
or the celestial equator.* % 

86. The amount of refraction at the horizon is about 
thirty-four minutes, which is a little greater than the 
angiilar diameters of the sun and moon. At their rising 
and setting, therefore, these bodies come entirely into 
view when they are actually below the hxyrizon ; an ex- 
traordinary instance of refraction is said to have oc- 
curred in the year 1597, at Nova Zembla, in N". Lat. 
76i°, the sun appearing above the horizon, when it was 
really seven times the length of its apparent diameter 
below it The effect, therefore, of refraction upon the sun 
is to increase the length of the day. 

87. This point is illustrated by Figure 22, where E 
represents the place of the observer on the earth, and 
S the true position of the sun when he appears just 
above the horizon H'H at S^ The ray LdE coming 
from the lower edge of the sun reaches the spectator at 
E in the direction dE, and he sees the lower edge in the 
direction of E^?. In tlie same manner the ray Ed E, 
proceeding from^^lie upper edge of the sun comes to the 
spectator* in the direction d^E, and the upper edge is 
seen in the direction Ed*R\ Thus, the entire body of 

1. This must be so, for a displacement which takes a direction oblique 
to the equator can be resolved by the laws of mechanics into two displace- 
ments, dne of which takes place in a direction parallel to the equator, and 
the other perp^idionlariy to or from it. The Jirst affects right aseetuiotij 
the second declination. 

How at all latitudes between the eauator and the poles 1 How at the equator when the 
obserred stars are neither in the merioian nor the celestial equator ? How does the amount 
of refraction at the horizon compare with the angular diameters of the sun and moon? 
What singular phenomenon occurs at the rising and setting of the sun and moon 1 What 
extraordinary instance of refraction was once omerved at Nova Zembla ? What influence 
has refraction on the length of the day. Explain Figure 22. 
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the sun is actually seen above the horizon H'H, at S*, 
when the orb is really below it at S. 

FIG. 29. 




BTFICT or EBTRAOTION UPON THE 8DN WHEN ON THE HOEUON. 

88. All the otner heavenljr bodies are similarly af- 
fected, the time of their rising being accelerated^ and 
that of their setting retarded. The period of the visi- 
bility of the stars above the horizon, is therefore in- 
creased by refraction. 

89. Eefraction influenced by the Temperature 
AND Pressure of the Atmosphere. It has been 
found that the varying pressure and temperature of the 
atmosphere at the place of observation, produce a change 
upon the refraction for any given altitude. Astrono- 
mers for this reason in preparing tables of refractions 
for use, give due weight to the indications of the ther- 
rruymeter and barometer^ in order to insure correctness 
in the results. Thus in the tables given in Art. 82. 
the estimates are made upon the supposition that the 
height of barometer' is thirty inches^ and that the tem- 
perature is 47° Fah. 

90. Of Parallax. The apparent angular di^lace- 
ment of a body caused by being seefl from different 
points of observation is its parallax. 

Thus, if two persons A and C, placed at two adjacent 
comers of»a room were to look at a ball situated in the 
centre of the room, A would see it in a line with the op- 
posite corner nearest to C, and C in the direction of the 
corner nearest to A; and the angle made by the two lines 

1. The barometer is an instrument that measures the pressure of the 
atmosphere. 

What eflTect bat refraction on the risins and setting of all heavenly bodies ? Does it 
lengthen or shorten the period of their yisibilitjr 1 Do the temperature and pressure of the 
atmosphere influence refraction 1 What is said respecting the construction of the tablet 
In Art. 82 ? What is parallax. 
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of visible direction, would in a general sense be the par- 
aUax of the ball. Thus in Fig. 23, where the lines 1, 2 ; 
2, 4 ; 2, 7 ; &c., represent the outline of the room, let B be 
the ball, A the place of the eye of one spectator, and C 



FIG. S3. 




PARALLAX EXPLAINED. 



the position of that of the other. The ball would be 
seen by the first in the direction ABX, and by the 
second, in the direction CB Y, and the angle ABC would 
be the parallax of the ball, or the angular displacement 
that it suffers by being viewed from the two stations 
A and C. 

91. Now if two astronomers, one at St. Petersburg, 
and the other at the Cape of Good Hope, were to 
observe the moon at the same absolute moment of time, 
and fix her position in the heavens, making allow- 
ance for refra/cium only] it is evident that their results 
would not be exactlv alike ; because the two observers 
behold the moon from different points in space, and 
would see her in different places on the celestial sphere ; 
and such would be the case with any observers who 
were not making their observations from the same spot. 

Explain from figure. Relate what is laid respecting the obserrations upon the moon 
taken from different stations t Why must allowance be made for parallax in astronomi- 
cal observations ? 
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Allowance must therefore be made for this an^ar dis- 
placement or parallax in order to prevent confiision in as- 
tronomical calculations; and as in the case of longitude 
we must have some standard mei^dian whence to reckon 
the degrees of longitude, so in parallax we must have 
some standard station^ from which all celestial objects are 
supposed to be viewed. This ima^nary station is the 
centre of the earthy and the true position in the sky of any 
heavenly body, is determinea by an imaginary line 
drawn from the centre of the earth to the centre of the body, 
and prolonged to, meet the starry vault. 

92. Parallax. How measured. The angle con- 
tained between two lines, drawn from the centre of the 
body, one to the eye of the observer , and the other to the 



no. 34. 




PARALLAX OF A HEAVENLY BODY. 

centre of tlie earth, is 4;he measure of the parallax of the 
body. 

liius, in Figure 24, where the curve PEZC represents 

Where is the standard station from which all celestial objects are supposed to be seen ? 
How is the true position in the heavens of a planet «»r planetary body determined 1 How is 
parallax measured 7 Espli^in from figure. 
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a fourth part of a celestial circle extending from the 
horizon r to the zenith Z, MM', M*, M' the moon at dif 
ferent altitudes, C, the centre of the earth, and A the 
place of the observer ; AMC is the angle of parallax 
when the moon is in the horizon, AM'C, the same when 
she is fifty-five degrees above the horizon, and AM'C 
when she is near the zenith. 

93. Variations in Parallax — ^Effect op Alti- 
tude. It is evident from the inspection of the figure 
where the arc M, M*, M'f M', M^ represents a part of the 
moon's orbit that the parallax is greatest when the moon 
is on the horizon^ and gradually diminishes imtil it 
becomes nothing at the zeni^. At the zenith there can 
be no parallax, becaiose the lines drawn firom the centre 
of the moon at M^ to the place of the observer at A, and 
to the centre of the earth C, make no angle with each 
other but form one line ; the moon must therefore be 
seen at the same place in the starry heavens ; viz. Z, 
whether viewed from A or C. 

What has been just stated in respect to the moon is 
true also of every other heavenly body, whose parallax 
can be measured ; viz., that the parallax is greatest when 
the\)ody is at the horizon, and gradually diminishes with 
the altitude, becoming nothing at the zenith. 

94. Horizontal Parallax. The horizontai paral- 
lax of a body is its parallax when seen upon the horizon. 
Thus, in Fig. 24, the observer being at A, the hori- 
zontal parallax of the moon is the angk AMC ; an angle 
formed by drawing from the centre of the body whose 
parallax is sought tmo lines, one to the place of the spec- 
tator touching the earth, and the other to the centre of 
the earth. 

95. Effect of Distance. The amount of parallax 
is influenced by distance ; the greater the distance the less 
the parallax^ and the smaller the distdnce the greater the 
paraUax^. This is clear from a glance at Fig. 24, where 

1. When this relation exists b(;tween two quantities they are said to be 
inversely proportional to each other. 

When is the parallax greatest 1 When does it become nothing 1 Why does it? 
What is horizontal parallax 1 Explain from figure. Are the statements just made appli- 
cable to every other heavenly body navins a parallax that can be measured 1 Is the amount 
of parallax influenced by the distance of a body 1 Give the rule. 
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S represents a planet more distant from the earth then 
the moon at M', but having the same altitude ; and SS* 
the path of the planet. Now the parallax of the planet 
S is the anrfe ASC which is evidently smaller than the 
angle AM*C, which is the parallax oi the moon at M'. 

96. Since the parallax decreases with the increase 
of distance, it results that when a body as a fixed 
star is situated very far from the earth the parallax 
becomes so small that it is impossible to measure it ; a 
fixed star will therefore appear to occupy the same place 
in the heavens, whether viewed from the centre or the 
surface of the earth ; indeed the same will be true if it 
is even observed from opposite sides of the earth's orbit 
around the sun. 

97. Effect op Parallax upon the true position 
OF A Heavenly Body. The true position of a heavenly 
body, being that which it would have if seen from the 
centre of me earth, it is evident that the effect of par- 
allax is to depress a bodj below its true position. In 
Figure 24, the true position of M, in the celestial vault 
is P, since it would appear at P if the eye was at C; but 
the spectator at A, sees the moon at the place L in the 
celestial vault, the luminary being depressed, the extent 
of the arc of parallax PL. The amount of depression 
at M* is P»L^ and at M« it is P«L». 

We thus see that parallax decreases the aUiiude of a 
heavenly body, and must therefore be added to the ap- 
parent altitude, in order to obtain the true altitude. 

98. On Declination AND Eight Ascension. At the 
poles of the earth the effect of parallax, to its whole ex- 
tent, would be to lessen the declination of a heavenly 
body, since it would cause it to appear nearer the celes- 
tial equator (which here coincides with the horizon) than 
its true position. At the equator of the earth the entire 
influence of parallax, if the body was in the east would 
be to increase its right ascension, and if in the loest to 
diminish it. K it was on the meridian the declination 

Explain from figure. What it said of the parallax of the fixed itan 1 What ii the rf 
feet of parallax upoo the true position of a heavenly body 1 Explain from fi|;ure. What 
effect has parallax upon the attitude, and how mast the oorrection for altitude be em- 
ployed 1 What is the eflfoct of parallax upon declination and rif ht ascension ? At the 
poles? 
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only would be increased, but in all other directions not 
named, parallax would influence both right ascension 
and declination. At all latitudes between the poles and 
the equator, right ascension and declination would like- 
wise be both influenced by parallax, except when the 
body was in the meridian when the decimation only 
would be affected. In a word, the displacement caused 
by parallax in regard to altitude, right ascension, and 
declination, is exactly the reverse in direction to that 
which happens from refraction, and which has already 
been explained. 

99. Parallax — ^Its value. The determination of 
the amount of parallax belonging severally to distant 
heavenly bodies is of the utmost importance in astro- 
nomical researches. By its aid we can ascertain the dis- 
tances of the sun, planets, and comets; and knowing 
their distances we can tell their actual magnitudes, their 
densities and the q uantity of matter they separately con- 
tain, together with the extent of their orbits, and the 
swiftness of their speed. 

Still furtberj having by means of the parallax of the 
sun obtained his distance from the earth, this distance 
becomes the measure by which the astronomer gauges the 
remoter heavens^ and discovers the amazing distances of 
the fixed stars. Without the key afforded by parallax 
his efforts would be checked at the beginning, and a vast 
field of knowledge would remain forever unexplored. 

100. More mamematical knowledge is required to un- 
derstand the method by which the parallax of a body 
is ascertained, than the majority of students for whom 
the work is prepared, are expected to possess. 

For the benefit of thoee who have a knowledge of Trigonometry, the fol- 
lowing demonstration is annexed. Let C be the centre of the earth, 
PP' a portion of the terrestrial meridian passing through the stations of 
two observers, one at P, Uie other at P*. ZL^LZ* the corresponding 
celestial meridian, Z the zenith of the observer at P and Z' the zenith 
of the observer at P\ M represents the moon, L the place in the 
heavens at wluch she is seen by the observer at P, and L', her place as 
beheld from P^, her true place being O the direction in which she^ is 
seen from the centre of the earth. Now to find the parallax at P, viz., 

At the equator and at intermediate latitudes t Compare the effecU of refraction and 
parallax in the above particular* 1 Why is the knowledge of parallax important to the 
astronomer? 

6* 
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CHAPTER V. 

OF THE MEASUEKMENT OF TIME. 

101. Transit Instrument. Having now acquired 
a knowledge of the circles of the celestial sphere, and 
the manner of fixing the positions of celestii bodies in 
the sky, we are prepared to investigate more minutely 
the rotation of the earth on its aods. We have discov- 
ered the fact of the rotation, but have not yet ascertained 
whether the earth moves faster at one time than at an- 
other. This point, however, is readily ascertained by the 

CMP. Taking the figure as drawn, we have first, the latitudes of the two 
stations which gives us the angle PCP^, consequently in the isosceles tri- 
angle P*CP we have the two lines PC, P*C, each a radius of the earth, and 
the included angle to find the other angles and the side PP^ Now the 
zenith distances of the moon, as seen from both stations, can be measured ; 




they are the angles ZPL and Z^F^U ; therefore we know their supplements 
to wit, LPC and L*P*C. Taking away from these respectively, the angles 
CPP* and CP*P, we have remaining the angles LPP* and L*P^P. Con- 
sequently in the triangle MP'P we have the side PP^, and all the angles to 
find the other two sides MP and MP^ Now taking the triangle MPC we 
have the side MP ( just found) CP a radius of the earth, and the angle M 
PC the supplement of the moon's zenith distance, to find the other parts 
one of which namely CMP is the parallax. In this manner the parallax 
of Mars, was obtained by Lacaille and Wargentin, the former being sta- 
tioned at the Cape of Good Hope, the latter at Stockholm. If the parallax 
at any altitude is obtained, the horizontal parallax can be derived from it ; 
the parallax varying as the sine of the zenith distances. For instance, the 
sine of MPZ : the parallax CMP : : the sine of ninety degrees : the zenith 
distance of the moon on the horizon, i. e. her horizontal parallax. 
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aid of an accurcUe clock, and a peculiar kind of telescope 
called a transit instrument Fig. 25 ; within this instru- 
ment is placed a system of wires like those shown at ac^ 



FIG. 96^ 




TRANSIT INITRUMENT. 



Fig. 26, one horizontal and five vertical; the latter being 
paxallel to each other, and separated by equal intervals ; ' 



FIO. 26. 




1. See note 1, to Art. 103. 



Of what does Chapter rV treat ? How eao we aicertain that the earth moves uni- 
formly on her axis 1 Describe the transit instrument ? 
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1, 2 ; 2, 8 ; 3, 4; &c. These wires are situated in the 
focus* of the eye-glass atF, Fig. 26, their plane being at 
right angles to the imaginary line* passing lengthwise 
through the centre of the telescope, the central vertical 
wire U, cutting this line at ri^ht angles. 

102. The telescope is provided with a horizontal axis 
upon which it rests, and it must be so adjusted, when 
properly arranged, that the central wire shall move with 
perfect accuracy in the plane of the meridian^ as the in- 
strument revolves on its points of support This is the 
great object sought in its adjustment, and to guard 
against the slightest deviation, the pillars, P, P*, upon 
which the ends of the horizontal axis rest, are built 
of the firmest masonry, and detached from the other 
parts of the building where the transit instrument is 
placed, so that they may not be affected by any motion 
of the edifice. Levels are attached to the instrument 
to aid in its adjustment. Measurements are taken upon 
a graduated circle' fixed to the axis. 

103. Of the Time Occupied by the Earth in Per- 
forming ONE Rotation. — ^How Determined. Let us 
now observe the astronomer as he proceeds to investi- 
gate the problem of the earth's rotation on her axis. 
Seated in his observatory, with his telescope and clock 
properly adjusted, he selects for his sW-mark some 
bright fixed star near the meridian. Me watches it 
closely, and soon the earth, as it rotates towards the 
east, brings the telescope up to the star. At the moment 
the latter is upon the meridian, the middle vertical wire 
of the instrument cuts the stai^ exactly in two, and the 
astronomer notes the time by his astronomical clock* we 
wiU suppose it to be eight. During the rest of the night 
and the succeeding day, the astronomer, with his obser- 

1. The focus u that place in front of the ejre-glass, where the mrea can 
be seen distusctly, when a person is looking through the telescope. 

2. This line is called the line of eoUimation, and is imagined to join the 
centres of the object and eye-glasses. 

3. A graduated circle is a metallic circle, the eircumferenee of which is 
divided into degrees, minutes, and fractwn» 0/ a minute. 

What is the great object sought in the adjustment of the transit instrument 1 How are 
measuremente taken ? Describe in full how the time occupied by the earth in performr 
iog one rotation is determined. 
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vatory and instruments rotating with the earth, passes 
star after star in succession, and as eight o'clock ap- 
proaches, the observed star of the prec^dng evening is 
seen again near the meridian. The astronomer is at his 
post, and again the central vertical wire' cuts the star 
exactly in two, showing that the earth has completed 
one rotation ; and at this identical moment the clock in- 
dicates with the utmost precision the hour of eight. 
Tweaty-Jbur hours have elapsed since the first observa- 
tion ; this then is the period of time occupied by the 
earth in performing one entire rotation. Such observa- 
tions have been made repeatedly, both upon the same 
star and upon different stars, and at stations widely sep- 
arated, ana the result has been found to be invariably 
the same. Centuries may intervene between two series 
of observations, and jret the results are identical ; we thus 
arrive at the conclusion that the interval of time elapsing 
between two successive transits* of a fixed star^ and which 
measures one entire revolution of the earth, is unchangea- 
bly the sarm. 

104. Having found that the earth rotates once every 
twenty-four hours, a question arises, is this motion um- 
form? That is, does the earth rotate through eqml 
spaces in equal timesj performing half a rotation in 
twelve hours, a quarter in six hours, and so on? This 
is found to be the case. If the angular distance between 
two stars is fijfiee7i degrees, or one twenty-fourth part 
of one entire rotation, L e.j three hundred and sixty de- 
grees; the time that elapses from the transit of the first 
star to the transit of the second, is exactly one hour, no 
matter at what time of the day the observations are taken. 
The earth, therefore, passes through one twentyfourth 

1. To avoid errors, the astronomer marks the time when the star crosses 
eaoh of the five vertical wires, and then, by taking an average of these times 
he can determine with greater precision when Uie centre of the star is in 
the meridian, than if he noted its passage only across the central wire. 

2. Trannt, The transit of a star is the moment of its passage across the 
meridian when it is cut exactly through the centre by the central vertical wire 
of the transit instrument. Transit, from the Latin word transitut, a passage. 

!• this period ehaogeable 1 b the motion of the earth on its axis uniform ? How is 
it proved t 



Digitized 



by Google 



70 THE BABTH VIEWED ASTRONOMICALLY. 

part of a rotation in one twenty-fourth part of a day^ and 
this is true for all other divisions, wnether greater or 
smaller. Half of a rotation is performed in half a day, 
the one hundredth part of a rotation in the one hun- 
dredth part of a day, and so on. 

105. STANDARD UNIT OF TiME. The period of the 
earth's rotation on its axis is the universally acknowl- 
edged unit of time, since it is the only natural marked 
division of time which continues unaltered from age to 
age. All other periodical motions of the heavenly 
bodies are subject to change, but the difference in the 
length of the natural day, as determined by a comparison 
of the earliest and the latest observations, is iruippreciahle. 
The different periods of time in common use aU date 
from this. Weeks, months, and years are reckoned by 
days and fractions of a day, while hours, minutes, and 
seconds, are divisions and sub-divisions of the day. 

106. Of THE Sidereal AND Solar Day. The sidereal^ 
d/xy is the length of time that elapses between two suc- 
cessive transits of the same fixed star across the meridian, 
in other words,, the period of the earth's rotation. The 
solar^ day is the time that elapses at any place between 
two successive transits of the sun across the meridian of 
that place ; or, as it is commonly expressed, the time 
that intervenes between nxxm of one day and noon of 
the next The solar day is about fimr minutes longer 
than the sidereal, and the causes of this difference we 
will now proceed to exj)lain. 

107. We must bear in mind; First^ that the earth 
mx>ves around the sun from west to east, rotating also at 
the same time on its axis from west to east. Secondly, 
that the aans never changes its direction, but constantly 
points north and south. Thirdly, that the half of the 
earth which faces the sun is illuminated, while the other 
is veiled in darkness. These facts are illustrated in 

1. Sidereal, from ndera, the Latin word for stars. 

2. Solar, from Sol, the Latin word for the son. 

What ii the standard of time 1 Why is this division of time adopted as a standard ? 
What is said of weeks, months, and years? Hours, minutes, and seconds? What is 
meant by the term sidereal day f What by aaiar day 7 Which is the longest ? What 
is now to be explained ? What three things must we bear in mind ? 
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Fig. 27, where S represents the sun, and the globes, 
A, B, C, and D, four positions of the earth, three months 
apart ; viz., at the vemai equinox, (A,) the summer solstice, 



no. 27. 




SOLAR AND SIDEREAL DAT. 



(B\ the autumnal equinox, (C), and the winter solstice^, 
(D). Here, in HhQ first place, the earth is seen, as shown 

1.' The vernal equinox occurs on the 20th of March ; the tuminer sol- 
stice on the 2lBt of June ; the autumnal equinox^ on the 23d of Sep- 
tember ; and the winter aoUtice, on the 21 st of December. 
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by the arrows, rotating from west to east,* (W to E,) 
while at the same time it revolves about the sun in the 
like direction. Secondly^ its axis is unchanged in posi- 
tion, as shown by the waj in which the meridians con- 
verge. Thirdly^ the hemisphere towards the sun is illu- 
minated while the other is m darkness. 

108. Now it is noon at any place when an imaginary 
plane, called the meridian plane, passing through the 
centre of the sun, and the north and south poles of the 
earth, also pass^ through this given place, dividing the 
tllumtnated hevmsphere into two eqaat parts. And this 
must be the case, for the place has enjoyed the sunshine 
durinff the time the earth, in its daily revolution, Jias 
been describing the half of the illuminated part towards 
the ea^t, and will enjoy it for the same space of time while 
describing the half towards the west. Thus, the earth 
being at A, it is noon, or twelve o'clock, at the place, 
N, which is in the position just described. For the time 
the earth occupied in revolving from the position, E, to 
that of N", constitutes the half of the day* from sunrise 
to noon, while that employed in rotating from the po- 
sition, N", to that of W, is that half which is included 
between ruxm and sunset. As the earth is here at the 
vernal equinox, each half day is six hours long. 

109. We will now suppose that it is noon at N, on 
the day of the vernal equinox ; to-morrow, when the 
earth has exactly completed one rotation, it will not be 
noon at N, because the earth has advanced in her path 
around the sun about one degree from the vernal equi- 
nox. This orbitual motion* has caused the boundaries 
of the illuminated hemisphere to shiji around to the 
loest, through nearly one degree, and the meridian plane 
has also moved westward to the same extent The earth 
must, therefore, rotate over and above one entire revolu- 
tion through the same angular space of nearly one degree 

1. For an explanation of the term, rotating from west to east, see Art. 
134. 

2. The word day is here used as opposed to night. 

3. Orbitual motion, motion in her orbit aroond the sun. 

Illustrate by the fi|;ure. When it it noon at aov place 1 Why so 1 Explain from Fif . 
87. Why is the solar day longer than the sidereal 1 
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before it brings the place, N, into such a position that 
equal portions of the illuminated hemisphere will be 
immediately east and west of it. Then, and only then, 
has N reached the meridian plane, and the time of noon 
arrived. As the earth revolves through three hundred 
and sixty degrees in twenty-four hours, it passes through 
one degree in four minutes, so that in roimd numbers 
we may say that the solar day is about four minutes 
longer than the sidereal. 

110. This subject is illustrated by the followingdia- 
gram, Fig. 28, where S represents the sun, and E, E, 

FIG. 28. 




flOLAR AND SIDEREAL DAY. 



How murth longer is it ? Explain from Fig. ! 
7 
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the earth in two poeitions of its orbit ; the dark semi- 
circles are sections of the unenlightened hemispheres, 
and the light semi-circles, sections of the enlightened 
hemispheres. In position 1, it is noon at N, because there 
are equal portions of the illumined hemisphere on the 
east and west side of it. But on the next day, when the 
earth has made one complete rotation, ana has in the 
meanwhile also moved along in its orbit, CD, to position 
2, it will not then be noon at N, for the meridian plane 
now passes through N*: the earth will have to re- 
volve on its axis until N has arrived in the position, N\ 
before it will be noon at N, and the time occupied in 
describing the arc, NN', will be the excess of the solar 
above the sidereal day. 

111. The diflference in the length of the solar and 
sidereal day may be explained by the motions of the 
hands of a watch. Oallmg the time made by one revolu- 
tion of the minute hand a sidereal day, a sotar day may 
be compared to the extent of time that elapses from the 
instant the hour and minute hands are together^ to the 
next time they are again in that position ; a period man- 
ifestly longer than the first, since the minute hand has 
not only to make one revolution, but must also catch up 
with the hour hand, which has all the while been ad- 
vancing. 

112. Another view may be taken of this subject. A 
glance at Fig. 27 shows us, that reckoning from A the 
limits of the illuminated hemisphere at the summer sols- 
tice have shifted round along the plane of the ecliptic 
07ie quarter of a circumference, at the autumnal equinox 
one half a, circumference, at the winter solstice, three quar- 
ters of a circumference ; and when the earth has arrived 
at the vernal equinox again, the bounding circle divid- 
ing the illuminated from the unilluminated hemisphere, 
has made one entire revolution; the meridian plane 
changing round in the same manner. 

113. STow, if we could imagine that on the day of the 
vernal equinox, just before it is noon at N, the earth 

Explain the difference between solar and sidereal time. Illustrate by the motions of the 
bands of a watch. Dlustrate the subject still farther by the aid of Fif . 37. 
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pould be at once transported to the position it occupies at 
the autumnal equinox, (C) the place, N, would be instan- 
taneously buried in the gloom of midnight ; since the 
limits of the illuminated hemisphere, and the meridian 
plane, would shift round half a circumference, and the 
earth would have to make almost half a rotation before N 
would again enjoy noon. So that the interval between 
noon on the day llefore the vernal equinox, and the noon 
of the day after, would, on this supposition, be very 
nearly thirty-six hours. But the earth makes no such 
rapid transition in passing from the vernal to the autum- 
nal equinox, but occupies about one hundred and eighty- 
six- days* in this journey; the bounding circle of the il- 
luminated hemisphere and the meridian plane moving 
a little round every day, and completing half a drcum- 
feren/x^ in circular motion or twelve hours of time (one hun- 
dred and eighty degrees,) in the course of nearly one 
hundred and eighty-six days. 

This daily motion of the meridian plane is, therefore, 
about one degree,^ or nearly four minutes of time,^ and 
constitutes the exc^s of the solar above the sidereal day. 

114. Inequality in the length op the Solar 
Days. In the previous explanations we have consid- 
ered, for the sake of simplicity, that the solar days are 
of equal length, in other words, that the period of time 
comprised between noon of any one day, and noon of 
the next, is the same in every part of the year. But 
this is not so, for two reasons, 

1. One hundred and eighty-six days, more nearly one hundred and 
eighty-six and a half. The earth occupies only about one hundred and 
seventy-eight and a half days in passing from the autumnal to the vernal 
equinox. 

2. About one degr^. ISOo equals 10,80(K which, divided by 186 
give 58' or nearly one d^ee. The entire orbit <rf the earth, equal to 
three hundred and sixty degrees, is described in about three hundred 
and sixty-five days. The average daily angular motion throughout the 
whole year is found by dividing 360o equal to 21,60<K by 365, which give 
fifty-nine minutes, and a little over. 

3. Four minutes in time. This is obtained by dividing twelve hours by 
one hundred and eighty-six, which give nearly one-fiftoenth of an hour, or 
four minutes. 

Are tlie sokr days of equal length ? State the first cause<of their inequality. 
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115. Fi/rst^ because the earth, not being always at the 
same distance firom the sun, moves in different parts of 
its orbit with unequal velocities — advancing most rap- 
idly when it is nearest the sun, and with its least velocity 
when most remote from this luminary. Consequently, 
the daily amount of change in the position of the meri- 
dian plane is variable throughout tne year, and, there- 
fore, the space of time which the earth must rotate, in 
order to complete a solar day, will also be variable. 
The greatest difference in length between the solar and 
sidereal day, is two hundred and tweniy-six seconds ; the 
least two hundred and fifteen seconds ; and the average for 
the year, twd hundred and twenty-six seconds^ or nearly 
four minutes. 

116. Secondly^ time is not reckoned on the ecliptic, but 
on the equator^ and since the plane of the former is in- 
clined to that of the latter, it follows that anv given 
angular motion of the earth along the ecliptic does not 
always give the same amount of angular motion on the 
equator. In other words, a degree of longitude is not 
necessarily equal to a degree of right ascension. 

117. This is evident from the inspection of Fig. 29, 
where C represents the position of the earth at the ver- 
nal equinox ; N and S, the north and south poles of the 
earth, MOB, the equator, L, the sun, and ECOZ, a 
part of the earth's orbit. CO is an arc of longitude^ of 
nineteen degrees extent, which the earth describes in 
passing in its orbit from C to O, and CM is the corres- 
ponding^ motion of the earth in right ascension^ de- 
scribed in the same time. Now it is evident that CO is 
longer than CM,* consequently, when the earth has 
moved nineteen degrees in longitude from the vernal 
equinox, it has moved less ^n nineteen degrees in right 

L Arcs of longitude and right ascension are said to correspond when 
they are included between the planes of the same meridians. 

2. CO longer than CM— because CMO is a right-angled spherical tri- 
angle, CMO ^ing the right angle, and the side opposite £e right angle^ in 
a right-angled triangle, is always greater than either of the other sides. 

What ii the greatest difTerence in length between the solar and sidereal day ? What 
the least ? What the average ? State the second caose of the unequal lengths of the 
solar days. Explain from figure. State what is said respecting arcs of longitude and 
their conesponmng arc of right ascension. 
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FIG. 90. 



EAST. 




WEST 



TIME RECKONED ON THE EQUATOR. 



ascensum ; tTife.same is here true of tlie daily arcs of hn- 
gtivde, and their corresponding arcs of right ascension, 

118. From each equinox to the next succeeding 
solstice, the arcs of longitude are greater than the cor- 
responding arcs of right ascension. At the solstices 
they are eqiuil, and from each solstice to the next suc- 
ceeding equinox, the arcs of longitude are less than the 
corresponding arcs of right ascension. These variations 
necessarily produce corresponding changes in the length 
of the solar day. They are independent of those arising 
from the first mentioned cause, for they would exist, 
even though the earth moved in every part of her orbit 
with the same speed. 

119. Modes of Eeckoning Time. The exigencies 
of society, and the refined calculations of science, have 
made it necessary that diSferent modes of computing 
time should be adopted. Thus, we speak of apparent 

What is the effect of tbeie Tariations 1 Would the length of the lolar day be inflaeneed 
by these if the earUi moved unifonnly in her orbit ? 

7* 
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time, mean solar time,^ or civU time,* and astronomical 
time. 

120. Apparent time is the time computed firom noon 
to noon by the successive returns of any place to its 
meridian. Since these successive periods (as we have 
seen) are of variable length, the apparent solar days, 
which are nothing but these successive periods, are also 
of unequal duration. 

121. Mean solar time is an arbitrary division of 
time, in which all the solar days are supposed to be of the 
same length, this length being found by dividing the 
whole amount of time in a solar year by the number of 
solar days in that period. Days of changing length 
would furnish an inconvenient ^lethod of reckoning for 
mankind, mean solar time is therefore employed in the 
common affairs of life, and constitutes civil time. Under 
this usage, the vnean solar day is made to consist of 
twenty-four hours, in order to avoid a fractional expres- 
sion for its length, which would happen if the sidereal 
day was divided into twenty 'four hours. To compen- 
sate for this change, the latter is proportionally reduced 
in length. AccordLiff to civil time the length of the 
mean solar dav is, tnerefore, twenty-four hours, and 
that of the siaerealy twenty-three hours, Jifty-six miniues 
and four seconds. The civil day commences at twelve 
o'clock ai nighty and is divided into two periods, of 
twelve hours each, reckoning from one to twelve from 
midnight to noon, and a^ain from one to twelve from noon 
to midnight 

122. Astronomical time is apparent time, and is em- 
ployed for scientific purposes. The astronomical day 
commences at noon, and terminates at noon on the next 

1. Mean Solar Time. The word mean here signifies average. 

2. Civil Time. The legal time or that appointed by a government to 
to be used in our dominions. 

What is appuent timet What is mean solar time? What is civil time t Why is 
mean solar time adopted as civil time 1 Under this usage, of how many hours does the 
mean solar day consist, and whv ? What is the length or the sidereal day, that of the 
solar beinf reckoned at twenty-fonr houis? When does the civil day begin, and how is it 
divided? What is astronomical time? When does the astronomical day begin I Of 
how many hours does it consist, and how is it reckoned ? 
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day. It consists of twenty-four hours, the hours being 
counted from one to twenty-four. 

123. Equation of Time. The kind of time em- 
ployed by mankind for regulating the common concerns 
of life is, as we have stated, mean solar time, in which 
all the solar days are considered to be of equal length. 
The period of a day is artificially determined by clocks 
and watehes, and tney are usually made to keep mean 
time. Were such a clock to move with perfect accuracy, 
all the davs of the year, as indicated by it, would be 
exactly of the same length. The length of the true 
solar day varies throughout the year, being sometimes 
greater, sometimes less than the solar day, and at certain 
periods equal to it. The difference between the length 
of the true solar day and the mean solar day at any time 
of the year, is the eqiuition^ of iime for that date. 

124. If two clocks were taken, one of which kept 
true solar time, and the other true mean time, they 
would agree only on four days of the year, namely, 
April 15th, June 14th, September 1st, and December 
24th, at which times it would be noon by one of the 
clocks at the same moment it woxild be noon by the 
other ; throughout the rest of the year they would differ. 
Sometimes the true solar clock would be in advance 
of the other, and the sun would be said to be fast of the 
clock, and sometimes it would be behind, when the sun 
wouid be said to be shw of die clock. The difference 
in time between two such clocks at any period, would 
be the equation of time. 

125. The equation of time subtracted from the solar 
time, when in advance of mean time, and added when 
behind it, gives the true mean time. Thus, on the 4th 
of July, 1852, the sun was slower than the clock by four 
minutes and four seconds, and this amount must be added 

1. Equation, a making equal. Equation of time is so called, because 
when this quantity is added to, or subtracted fh>m the true solar day, as 
the case may be, it makes it equal to the corresponding mean solar day. 

How it the period of a dav artificially determined ? What kind of time do they keep ? 
If a clock moved with perrect accuracy, hqw would the lengths of all the days of the 
year, as indicated by it, compare with each other 1 What is meant by the term equation 
of time ? Give the illustration. The equation of time and the solar time being known, 
how ii the true mean time obtained 1 Give examples. 
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to the solar time to make it equal to the mean time, at 
that date ; while on the 27th of November of the same 
year, the sun was in advance of the clock, twelve min- 
utes and two seconds, and this quantity must be sub: 
tracted from the solar time to obtain the mean time on 
the given day. The equation of time is greatest on the 
8d of November, when it amounts to nearly sixteen 
minnies and eighteen seconds, 

126. This subject of the equation of time may be 
further familiarly illustrated by supposing that we have 
three hundred and sixty-five bullets, of nearly the same 
size, the weight of each bullet representing the length 
of a true solar day. Four of the bullets weigh two 
ounces each, while the rest are either lighter or heavier, 
but the weight of the entire three hundred and sixty- 
five bullets is seven hundred and thirty ounces, so that 
the average weight of a bullet is two ounces. Now 
the weight, two ounces, represents the length of a mean 
solar day, and if a person were to take up each of these 
bullets and in succession weigh them, the difference be- 
tween the weight of each bullet and two ounces would 
represent the equation of time. In the prosecution 
of his task, he would find that some bullets would 
weigh less than two ounces, and then the difference must 
be added to obtain the mean weight of two ounces ; 
again, others would weigh more, and it then would be 
necessary to subtract the difference to obtain the average 
weight. Four bullets, according to the supposition, 
would weigh exactly two ounces, and these would rep- 
resent the days above mentioned, when the true solar 
and mean time exactly coincide. In this illustration we 
have not supposed, (as we might have done,) that the 
differences m weight vary according to the same order 
and extent as the equations of time, nor that the fous- 
two-ounce bullets have the same relative positions among 
the entire nimiber of bullets as the four aoove mentioned 
days have among all the days of the year, nor was it 
necessary in the explanation of the point before us. 

127. The four epochs of the year when the true solar 

At what time of the year is the equation of time greateit 1 Give the illaBtntion in 
Art. 126. 
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time agrees with the me^n solar time, will not always hap 
pen upon the dates just given. We have stated m Art. 
115, that one cause of the variation in the length of the 
solar days, is the unequal motion of the earth in its orbit 
The earth now moves most swiftly in the beginning of 
the month of January, being then nearest to the sun, and 
under these circumstances the equation of time becomes 
nothing at the dates above mentioned. But the time 
of the year when the earth moves most rapidly is con- 
tinually changing, and in the course of ages it may occur 
upon the middle of April, the 1st of January, or any 
day in the year ; and this change will effect a corres- 
ponding change in the dates when the mean and true 
solar time agree. 

These points will be more fully explained in a subse- 
quent article, when we have discussed the subject of 
the earth's orbit, and orbitual motion. 



CHAPTER VI. 

DP THE ANNUAL MOTION OF THE EAETH. 

128. Sun's Apparent Motion in Declination. 
If the declination of the sun is measured* with an instru- 



1. The declination can be found as follows. In the fignre, let Q be the 
place of the obserrer ; HQH^, the horizon ; QNP, the direction of the 




north pole of the heavens ; and EQ, that of the celestial equator, and S, S*, 
two positions of the sun north and south of the equator. Now, the sum 

Are the epochs when the mean and true solar time a^ree constant 1 Why not ? What 
is the subject of Chapter VI 1 If the declination of the sun is measured from day to day, 
what chanfes are observed throughout the year 1 
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ment, as the transit instrument, at noon, day after day 
throughout the year, it will be found that, in the north- 
ern hemisphere the declination increases from the vernal 
equinox, the 21st of March, to the summer solstice, the 
22d of June, when it amounts to about twenty-three de- 
grees and a half (23® 27^ 86.5^^), the sun appearing to de- 
part continually from the equator, towards the north, and 
to rise higher and higher in the heavens. After the 22d 
of June, the declination decreases, the sim appearing 
gradually to move southward, and to approach the 
equator, which it reaches on the 22d of September, 
the autumnal equinox, when its declination is nothing ; 
for it will be remembered that declination means dis- 
tance from the equator. After the 22d of September 
the declination increases below the equator, to the south, 
the sun seeming constantly to recede from it, sinking 
lower and lower in the heavens until the 22d of Decem- 
ber, the winter solstice, when its declination amounts 
again, as at the summer solstice, to nearly twenty-three 
degrees and a half. AAer the winter solstice it again 
begins to move northerly towards the equator, where it 
arrives on the 21st of March, reaching the vernal equi- 
nox after one year from its last departure. 

129. Sun's Apparent Motion in Eight Ascension. 
It is clearly detected by observation that the sun does 
not approach the celestial equator and recede from it in 
a line at right angles to the plane of this circle, but that 
while it is apparently moving to and from the equator, 
it at the same time seems to advance from west to east, 

of the three angles, NQH*, NQE, and EQH, is equal to one hundred 
and eighty degrees, beoanse HNPH^ is a semi-cirole; hot NQH' is 
known, being equal to the latitude of the place Q, and NQE is a right 
angle, since the equator is ninety degrees from the pole. Subtracting then 
the value of the first two angles from one hundred and eighty degrees, 
and we have that of the angle, EQH, the elevation of the equator above 
the horizon. To find the declination then of the sun, when north of the 
celestial equator, we subtract EQH from the sun's altitude HQS', which 
gives us EQS', which is the declination. When the sun is south of the 
equator, we subtract the sun^s altitude, SQH, from the elevation of the 
equator, which gives EQS\ the declination. Corrections, of course, are 
made for refraction and parallax. 

What it deteeted by observing the tun*! apparent motion in tiie heavens 1 
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in the order of the signs of the Zodiac. The sun's mo- 
tion in this direction is called its right ascension, and 
can be found, as in the case of the stars, by means of 
the transit instrument and astronomical clock. Under 
the influence, therefore, of these two apparent motions, 
the sun's visible path in the heavens is a curve, which 
is found to be a great circle of the celestial sphere, cut- 
ting the celestial equator at the equinoctial points, at an 
angle which measures about twentv-three degrees and 
a half, (23° %V 36.5^^) That it is a great circle, is 
proved by the fact that the points where it cuts, the 
equator are one hundred and eighty degrees apart ; for 
the sun, in his apparent path, makes the entire circuit 
of the signs, (three hundred and sixty degrees,) in the 
space of a year, and the distance between the two equi- 
noxes in time is found to be about six months, equal to 
one hundred and eighty degrees of angular measure- 
ment. 

130. Suns Apparent Path. The sun then appar- 
ently moves through the heavens from west to east, de- 
scribing a vast celestial circle, which cuts the equator in 
the equinoctial points, one circuit being completed in 
the course of a year. But, after all, the sun is sia- 
ticnary^ and this his apparent motion is the result of 
the actual motion of the earth around the sun. That 
the earth thus really revolves about the sun, will be 
rendered evident in a subsequent chapter, when we shall 
be better prepared to understand and appreciate the 

i)roofs. To show that such a motion of the earth per- 
fectly explains the apparent motions of the sun, is our 
present task. 

131. Sun's Apparent Motion in Declination Ex- 
plained. In Fig. 30, where the ellipse delineated rep- 
resents the orbit of the earth, the latter is exhibited 
in twelve positions, corresponding to the twelve months. 
In the several globes, N is the north pole, DCL the equa- 
tor, S* the place of the sun, and CS\ and all lines from 
parallel to this the direction of the plane of the ecliptic. 

What if meant by the tun*t apparent motion in right ascension 1 What kind of a fig' 
are is described by the sun*s apparent path ? What is the umoant of its inclination to 
the plane of the celestial equator 1 How is it proved to be a great circle 1 What is the 
coane of the san*s apparent motion in the heavens 1 What are we now to show 1 
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It is sufficient for our present purpose to direct our at- 
tention to the relations between the sun and earth 
in four positions only, viz., at the vernal equinox^ (March,) 
the summer solstice, (June,) the axitumnal equinox^ (Sep- 
tember,) and the winter solstice^ (December.) It is evi- 
dent from the ^gure, that at the vernal equinox, since 
the plane of the equator passes through the sun, that 
this luminary, viewed from the centre of the earth, 
will be seen in the opposite quarter of the heavens, 
on the celestial equator, at its intersection with the 
ecliptic in Aries. At the summer solstice, the earth 
assumes such a position in respect to the sun, that the 
latter is seen from the earth's centre north of the equa- 
tor, in the line CS\ which makes an angle with the 
equator, CD, of about twenty-three and one-half degrees, 
(23** 2T 36.5^^) The sun, therefore, appears to have ad- 
vanced north of the equator by this same number of 
degrees. 

W hen the earth arrives at the autumnal equinox, the 
plane of the equator again passes through the centre of 
the sun, and is seen from the earth, as at the vernal 
e(juinox, again on the celestial equator at its intersection 
with the ecliptic ; but in the opposite quarter of the 
heavens, in tne sign Libra. At tne winter solstice, the 
sun is seen in the direction of the line OS*, but the 
earth has now so changed its position that this line falls 
south of the equator, making an angle with the latter 
of about twenty-three and one-half degrees, viz., S*CL. 
The sun is now seen nearly twenty-three and one-half 
degrees south of the equator. We thus perceive that 
on the supposition that the earth moves while the sun is 
still, the sun appears on the equator at the time of the 
two equinoxes, about twenty-three and one-half de- 
grees to the north of it at the summer solstice, and about 
twenty-three and one-half degrees to the south at the 
winter solstice. Could we follow the changes of the 
position of the earth's equator in respect to the ecliptic 
throughout every day in the year, we should find that 
these changes account satisfactorily for all the variations 

Explain from figure. 
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in the sun's daily declination. The apparent motion 
of the sun in declination is, therefore, the result of the 
earth's actual motion in her orbit. 

.132. Sun's Apparent Motion in Eight Ascension 
Explained. If a person passes round a tree in any 
direction, the tree, though immoveable, appears to move 
along the distant horizon, following around after him at 
the distance of half a circumference. In the same man- 
ner, the earth being in the sign Libra, the sun appears 
in the opposite quarter of the heavens, at Aries ; and as 
the eartn moves round the sim from Libra to Scorpio, 
Sagittarius, &c., the sun also appears to follow round 
in a circle from Aries, through Taurus, Gemini, Ac. 
The real motion of the earth in her orbit then accounts 
for the apparent motion of the sun in right ascension, 
from west to east 

133. The circular motion of the earth around the sun 
thus produces an apparent circular motion of the sun in 
the heavens, and the apparent motion of the sun to and 
from the equator is owmg to the feet that the plane of 
the equator is inclined to that of the ecliptic. If they 
coincided, the sun would always appear moving round 
in the plane of the ecliptic. 

134. Direction of Motion in Space Explained. 
A difficulty sometimes arises in the mind respecting the 
direction of motion. The earth rotates on her axis from 
west to east, and yet the people who live immediately 
under us, on the opposite side of the globe, appear to 
move in a contrary direction to what we do. How is 
this to be explained? We must bear in mind that the 
manner in which the constellations that mark the signs of the 
zodiac succeed each other determiiies the direction of circular 
celestial motion. At ni^t we see these constellations 
rising above the horizon in the following order, viz., 
Aries, Taurus, Gemini, &c., and when owing to the rota- 
tion of the earth they rise above the horizon of China, 
they will succeed each other in the same order, and every 

Explain why the real orbitual motioo of the earth produce* an apparent motion of the 
ton in right ascension. What is the sun's apparent motion in declination owing to ? 
What is understood when we say that a heavenly body rotates, or revolves, from west to 
aasti 
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observer upon the earth beholds them rising in this 
manner. These constellations recurring in this order, 
the earth is said to revolve from tuest to east If they 
succeeded each other in a contrary order, for example 
Gemini, Taurus, Aries, &c., the earth would revolve 
from east to west. 

We thus see whj the sun and the earth, though ap- 
pearing to move m opposite directions on the great 
circle of the ecliptic, are yet really moving in the same 
direction, since they pass through the signs in the same 
order ; the sun apparently passmg through them ; the 
earth actually. 



CHAPTER VII. 

OPTHETEAE. 



186. !I%e length of time employed by the earth in per- 
forming an entire circuit from any point in the ecliptic^ as 
the summer solstice, to the same point again constitutes 
a TROPICAL* YEAR, which contains three hundred and 
sixty-five days, five hours, forty-eight minutes, and forty- 
seven eight-tenths seconds (366d. 5h. 48m. 47,8sec.) The 
fractions of a day belonging to a year of this length 
would be manifestljr inconvenient K)r the purposes of 
society, and for this reason the civil year is made to 
consist of three hundred and sixty -five entire days. 

136. Length — how found. The simplest method 

of ascertaining the approximate length of the year, and 

one which was employed by the ancient astronomers 

• consists in erecting a vertical rod of unchanging length, 

1. Tropieai year so called, from the Greek word trepd^ io turn because 
the Bnn reverses its apparent course upon arriving at either solstice, 
bi our summer, after advancing iqpparently as fiir north as the summer sols- 
tice« It then turns back to the south, and m winter, after retreating as fiur 
south as the winter solstice, it tvnMbaok to the noAh, 

What is Um nibiect of Chapter VIL 1 How is the leofth of a tropitml year measured 1 
What M it* leofth 1 What is the length of a civil year 7 Why is not the tropieai year 
employed as the civil yearl What is the easiest method of ascertaininf the length of 
the yearl 
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on a smooth horizontal plane, upon which plane a merid- 
ian line is drawn, and the length of the shadow of the 
rod, marked on the plane every day at noon throughout 
the year. When the sun rides highest in the heavens 
on the day of the summer solstice, the shadow will then 
be the shortest, and the number of days elapsing between 
two successive returns of the shortest shadow, will be 
the approximate length of a tropical year. 

137. The length of the tropical year was thus, at a 
very early perioa discovered to be ahaut three hundred 
ana sixtjr-five days. But the difference of nearly six 
hours which existed between this period and the true 
length of the year, was soon detected, and its duration 
was then fixed at three hundred and sixty-five and one- 
fourth days ; the dates of the year were thus made for a 
time to correspond nearer with the points in the earth's 
orbit, which tney are intended to indicate. 

138. A celebrated ancient astronomer, Hipparchus of 
Alexandria, in Egypt, who flourished one hundred and 
forty years before the Christian era, discovered however, 
that this estimation of the length of the year was not 
correct. Instead of making his observations at the sols- 
tice, when the earth moves so nearly parallel to the plane 
of the equator, that the shadow of the rod shortens for 
some days, by almost imperceptible degrees^ he made 
them at the equinoxes ; when tne length of the shadow 
changes most rapidly, since the path of the earth in its 
orbit is then most inclined to the equator. By pursuing 
this method he found that the actual length of the year 
was less than the computed by a quantity which he 
estimated at 4m. 48sec. The duration of the year thus 
corrected was now three hundred and sixty-nve days, 
five hours, fifty -five minutes, and twelve seconds, (365d. 
5h. 55m. 12sec.) 

From the era of Hipparchus to the present time, vari- 
ous corrections have been made in the length of the year ; 
for within this period the true laws of the universe have 
been revealed, and astronomers, furnished with instru- 

What waa the length of the tropical year according to the earliest known observations 1 
Whtit Airther discovery was soon made 1 Was the true length of the year now obtained 1 
Who discovered the error? What m^hnd of observation did ha pursue, and why I 
What results did he obtain ? 
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ments of surprising accuracy, and aided bj new and won- 
drous mathematical agencies, have attained a precision 
of calculation almost beyond belief. Yet in the subject 
before us, the ancient computations have passed through 
this severe ordeal, almost untouched, for the closest ap- 
proximation to the true length of the year for 1800, as 
computed by Bessel is three hundred and sixty-five 
days, ^ve hours, fortv-eight minutes, and forty-seven 
eight-tenths seconds, (365d. 5h. 48m. 47,8sec.) a result 
which differs from that of Hipparchus by less than seven 
mintUes, 

139. The Calendar*. In order to avoid fractions in 
reckoning the length of the year, it has been the custom 
of all nations who have made any progress in the art of 
computing time to regard the civil year as consisting of 
an even number of (£iys. Making however, at stated 
intervals, such corrections, that the real position of the 
earth in its orbit shall on the whole correspond with the 
position indicated by any date in the year ; so that the 
seasons shall always occur in the same months, and the 
solstices and equinoxes return at the same time in their 
respective months. A moments reflection will show 
the necessity of such corrections. Four civil years are 
shorter than four tropical years by nearly one day, 
(4 X 5h. 48m. 47^^8,J so that in every four years about 
one day would be lost in. the reckoning. For if the 
reckoning commenced at the day of the summer solstice 
on the 22d of June ; four years afterwards on the 22d of 
June, the earth would not have arrived at the solstice 
by a days journey, and the solstice would take place on 
the 23d. In four years more it would happen on the 
24th, and in four more on the 25th, and so on. This 
mode of reckoning if continued uncorrected would thus 
in course of time make either solstice, or any other po- 
sition of the earth in its orbit, occur successively on every 
day of the civil year, 

1. Calendar, i. e.^ a register of the year from the Latin, calendarium. 

Compare th« anci«Dt oompatationi with the modem 1 What hai been the cattora of 
all uations who have posteaaed a knowledge of the computation of time, in regard to the 
eivil year 1 Supposii^ the year to consist of three hundred and sixty-five days oaly, 
what would happen if no corrections were made 1 

8* 
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140. SoTHiG Period. The ancient Egyptians were 
aware of this, and purposely snfTered their public festi- 
vals, though recumng at the same date, to run through 
the entire natural year, " They do not wish,'' savs Ge- 
minus, " the same sacrifices of the gods to be made per- 
petually at the same time of the year, but that tney 
should go through all seasons, so that the same feast 
may happen in summer and winter, in spring and 
autumn." The period in which any festival would pass 
through an entire civil year of the length of three hun- 
dred and sixty-five and one-fourth days is one thousand 
four hundred and sixty years of the same duration, 
(1,460,) since one thousand four hundred and sixty years, 
each consisting of three hundred and sixty -five and one 
fQurth days, are equal to one thousand four hundred and 
sixty-one years, the duration of each being reckoned at 
three hundred and sixty-five days. This period of one 
thousand four hundred and sixty years, at the end of 
which either the solstice or any other given position of 
the earth would happen on tne same date again, after 
falling upon every day of all the months of the year, 
was called by the Egyptians the Sothic^ period; because 
it began on the first <Jay of that year when the dog star 
rose with the sun. The length of the tropical year was 
computed by the early Egyptians to be three hundred 
and sixty-five and one-fourth days. 

141. Mexicans. The Mexicans regaided the year as 
consisting of three hundred and sixty-five days, but 
made a correction of .thirteen days for one period of 
fifty-two years, and twelve for the next, amounting to a 
correction of twenty-five days for every one hundred 
and fimr years. The accuracy obtained by this method 
is truly surprising for the excess of the actual over the 
civil year; viz., five hours forty-eight minutes and 

1. Sothit in the Egyptian language, means the dog-star, which astrono- 
mers call Sirius. 



What wai the euitora of the ancient Egyptians 1 Why diJ tiiey adopt this enstom 1 
" ' sorfeat' * * ' "" ' 



In what period of time would any date or festival pass through one^ntire civil yearhav- 

ing a length of three hi ' -.,.-.— .. . —. 

name was given to this j 
computed by the rarly I „^ . 
raepecting accuracy of their correction 1 



ing a length of three hundred and sixtv-five one-fourth days 1 Explain why. What 
name was given to this period, and why? What was the length of the tropical year as 
computed by the rarly Egyptians 1 What as computed by the Mexicans 1 What is said 

oftr - ' " 
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forty-seven eight-tentlis seconds, multiplied by one bun- 
drea and four, gives as a product twenty-Jive days four hours 
thirty-four minutes oxiA. ffty-cne seconds^ the error of reck- 
oning in a century being only about/mr and a half hours. 

1^. The calendar in use among Christian nations 
is derived from the Bomans. The civil year is here 
made to consist of three hundred and sixty-five days, 
the necessary corrections, or intercalations^ as they are 
termed, being applied at stated intervals. The first cor- 
rection in this calendar was made by Julius C»sar forty- 
five years before the Christian era. At this time the 
Boman calendar had fallen into such disorder that 
ninety days were obliged to be added to the previous 
year, malong it four hundred and fiftjr-five days long so 
as to bring the position of the earth in its orbit to cor- 
respond with the date of the civil year', by this means 
the error in reckoning which had been accumulating for 
centuries was destroyed. In order to prevent any Aiture 
derangement, the rule was adopted of adding one day 
to every fourth year, by giving February twenty-nine 
instead of twenty-eight days. This fourth year consist- 
ing of three hundr^ and sixty-six days is called the 
Bissextile' or leap-year, 

143, But the Julian correction was top great, because 
the year was thereby assumed to be three hundred and 
sixty-five days and six hours long, when in fact it is 
about eleven minutes shorter (11m. 12,2sec.,) an error 
which in the course of nine hundred years would 
amount to very nearly seven days. This small annual 
error did not at once produce any material derangement 
in the calendar, but in the year 1414, A. D., it was per- 
ceived that the vernal equinox which should always 
have happened on the 21st of March, if the Julian cor- 

1. Intercalation^ means the insertion of a day in the calendar^ from the 
Latin interealatio, the putting a day between two others, 

2. This year was ealled the year of confueion. 

3. Bissextile^ because in thb year the sixth day be£>re the first of March 
was reckoned twice. Latin his twice, sextus sixth. Hence Bissextile. 

Whence is the calendar in use among Christian nations derived 1 What is the length 
of the civil year, and how are the corrections made 1 By whom was the first correction 
of the calendar made ? When 1 Why particularly at this time ? How was it made, 
and what rule adopted 1 Why is the leap-year called Bissextile 1 Was the Julian cor- 
rection exact 1 Why not 1 How great an error would arise in nine hundred years 1 
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rection was perfectly exact, was gradually occurring 
earlier. In the year 1582, the error had amounted to 
about ten days, and a reform was made by Pope Gregory 
XIII. It was well known to astronomers that in the 
year 825 A. D., the equinox fell up)on the 2l6t of 
March according to the civil reckoning, but in the year 

1582, it occurred on the 11th of the same month, the 
various positions of the earth in its orbit were thus in 
advance of the dates which should have indicated these 
positions by ten days. The remedy was obvious and 
consisted in omitting ten nominal days, calling the day 
next succeeding the 4th of October the 15th, instead of 
the 5th. This change was made at once in all Catholic 
countries, but was not adopted in England until the 
year 1752, by which time the error had amounted to 
eleven days. The change of style, as it is termed, was 
there effected by an Act of Parliament, decreeing that 
the day after the 2d of September, old style, should be 
called the 14th, which was the first day of the new style ; 
and by the same authority the year which before had 
begun on the 25th of March, was made to begin on the 
1st of January. This latter change was accomplished 
by making the preceding year (1751,) to consist of nine 
months only, causing it to end at the beginning of the 
1st of January instead of the 25th of March. The year 
1752 commenced on the 1st of January. 

144. By the omission often days. Pope Gregory thus 
reformed the calendar, so that on any day of the year 

1583, the earth occupied substantially the same place in 
its orbit as it did on the same day in the year 825 A.D. 
But this correspondence was only temporary for the same 
error of 11m. in the reckoning would work the same 
mischief in course of time, as it had already done, 
if let alone ; to prevent therefore any future discordance 
in the calendar, the following rule was adopted under 
the sanction of the same pontiff. 

How much did the error amount in the year 1582 ? Bjr whom wai a reform madel 
How was the amount of error ascertained 1 How was it corrected 1 Where was the 
change at once adopted 1 When introduced into England 1 Whet was the amount of 
error then 1 How msa the change of style efl^ted, and what alterations were made in 
the calendar 1 How was the second change accomplished ? Was the first correction of 
Pope Gregory all that was necessary to render the calendar perfectly accurate 1 Why not 1 
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145. Gregorian Bule. Every year whoae number is 
not exactly divisible by four consists of three hundred and 
sixty-five days. JEvery yecur which is so divisible^ but not 
divmble by one hundred, of three hundred and sixty-six 
days. JEvery year whose number is divisible by one hun- 
dred but not by four hundred, contains three hundred and 
sixty five days ; and every year whose number is divisible by 
four hundred of three hundred and sixty-six days. Thus, 
for example, the year 1851, consists erf three hundred 
and sixty-five days, because the number 1851, is not ex- 
actly divisible by four, while 1852 consists of three hun- 
dred and sixty-six days, because the number 1852 is 
thus divisible. The years 1700 and 1800, have each 
three hundred and sixty-five days, because these num- 
bers are exactly divisible by one hundred, but not by 
four hundred ; while the years 1600 and 2000, are leap- 
yearS; since four hundred divides these numbers with- 
out a remainder. By the adoption of this rule the civil 
and tropical years are made to correspond so nearly, 
that an error of only about twenty *two hours, (22h. 
89nL 20sec.,) occurs in the space of four thousand years. 



CHAPTER VIII. 

OF THE PRECESSION OF THE EQUINOXES, CHANGE OP THE POLE STAR, 
AND NUTATION. 

146. Of THE Precession of the Equinoxes. The 
determination of the exact position of the vernal equinox 
(which is the place in the heavens where the sun appa- 
rently crosses the equator in the spring,) is a matter of 
great importance, since it is the point* from whence right 
ascension is reckoned. Bepeated observations taken at 

1. The sobolar must remember that this point is imaginary; it is one of 
the two points, were two imagmary circles, the equator and ecliptic cut 
each other. 

Give the Gregorian Rule ? What is said ratpectingthe correspondence of the civil and 
tropical year when the rule is employed 1 What does Chapter VIII. treat ofl Why 
is the determination of the place or the vernal eqninoz a matter of importance? What 
phenomenon has been detected, and how 1 



Digitized 



by Google 



94 THE EARTH VIEWED ASTRONOMICALLY. 

considerable intervals of time have detected a remarka- 
ble phenomenon in regard to this point ; namely, that it 
is not stationary in the heavens. For if on any given 
year the position of the equinox in the heavens is found 
to be in a line with any fixed star, on the next year it 
will be seen to tiie west of the star, and in succeeding 
years the equinoctial point will fall ferther and farther 
to the west of the same luminary. The annucd amownt 
of this angular motion is only fifty and one-fourth 
seconds in longitude, (50 J^O *^^ ^ *^ quantit]^ is con- 
tained twenty-five thousand seven hundred and ninety- 
one times (25,791,) in one million two hundred and 
ninety-six thousand seconds, (1,296,000^^)' or an entire 
circumference, it takes twenty-five thousand seven hun- 
dred and ninety-one jears for the ec[uinoctial points to 
make one complete circuit of the ecliptic. 

147. We may form an idea of the way in which this 
phenomenon occurs by imagining the* axis of the celestial 
equator to revolve about that of the ecliptic from east to 
west once every 25,791 years, the axes always pre- 
serving nearly the same distance from each other. Since 
the axes are perpendicular to their respective planes, the 
planes through tneir entire revolution will preserve their 
original inclination to each other, and while the pole of 
the celestial equator revolves around the pole of the 
ecliptic, the line joining the equinoxes (which is the line 
of the intersection of the two planes,) will also move 
round in the plane of the ecliptic from east to west 
Thus, in Figure 31, if E*FQ represents the plane of the 
celestial equator and EFC that of the ecliptic, P*B the 
axis of the equator, PB that of the ecliptic, and DF the 
line of the equinoxes ; it is evident that if the pole of the 
equator P', revolves in a circle L about the pole of 
the ecliptic P fi-om west to east, two things will occur. 
Mrs% that the equinoctial points D and F will move 

1. 360O X 60 X 60^ 1 ,296,00(K^ 

2. It will be remembered that the axis of a great circle like the equator 
is the straight line that passes through its centre perpendicular to its 
plane. 

What is the annual motion of this point in longitude? In how many yean would it 
make the circuit of the ecliptic 1 In what way can we form an idea of this motion of the 
equinoctial points ? Explain from figure. 
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round in the same directum. Secondly^ that the planes 
of the equator and ecliptic will maintain the same incU- 
nation to each other throughout the entire revolution since 



no. 31. 




rilRCESSlON EXPLAINED. 



P* is always at the same distance from P revolving as it 
does in a circle about P. 

148. The following illustration may tend still further 



FIG. 33 




PRBCKfMION EXPLAINED. 



to elucidate this subject. Take a tumbler DC, Fig. 32, 
partly filled with water. The level surface of the water, 

Dluttrate the subject Btill farther by the aid of Fig. 32. 
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EF, we will call the plane of the ecliptic, and the end A 
of a thread SA, which hangs over the middle of the 
tumbler the pole of the ecliptic. Now procure a circle 
of stiff pasteboard (n), a little smaller than the inside of 
the tumbler, and through its centre thrust a wire (W,) fix- 
ing it perpendicularly to the surface. The plane of the 
pasteboard represents the plane of the equator, and the 
wire its axis. Taking now the pasteboard by the wire 
we place it in the tumbler, causing half the circie to sink 
below the surface of the water, and half (h,) to rise 
above, making an angle with the surface of the water 
EF of about twenty-three and one half degrees. The 
plane of the pasteboard then repi'eseiita that of the equa- 
tor, the surface of the water the plane of the ecliptic, 
the line where the pasteboard meets the water ; viz., ^, 
the line of the ecjuinoxes, and around the tumbler at the 
water-line the signs of the zodiac may be supposed to 
be arranged, thirty degrees apart. Causing now the 
upper end of the wire, B, (the pole of the equator) to 
describe the circumference of a circle around the lower 
end of the thread. A, (the pole of the ecliptic) from east 
to west, we shall see that the line where the pasteboard 
meets the water, that is, the line of the equinoxes, moves 
also around from east to west ; and that the equinoxes 
which are the extremities of this line, change their posi- 
tion in the same direction. 

149. Sidereal , Year. A sidereal year is the time 
taken by the earth to perform one entire revolution in its 
orbit, and is determined by noting the period that elapses 
during its passage from a fixed star round to the same 
star again. Hence its name, from the Latin word sidera, 
meaning stars, 

150. in consequence of the precession of the equinoxes 
the earth does not perform an entire revolution about 
the sun, in the course of a tropical year, which it will 
be remembered is the time that elapses between the de- 
parture of the sun from one of the equinoxes to its 
next return to the same point. 

151. Now when the earth leaves the vernal equinox, 

What \i meant by the term sidereal year ? How is it determined 1 Why so called '^ 
Why does it differ in length from the tropical year? 
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moving in thj6 dijcection from west to east, the next ver- 
nal equinox occurs when the earth lacks fifty and one- 
fourth seconds^ of angular motion of completing its revo- 
lution around the sun. The time the earth takes to 
pas£ through an arc of fifty and one-fourth seconds, is 
twenty minutes, and twenty-two nine-tenths seconds of 
mean jSolaj* time, which must be added to the length of the 
tropical year to make a sidereal year. The length of the 
tropical year is 366d. 5h. 48ra. 47,8sec., adding to this 
20m. 22,9sec. we have, 365d. 6h. 9m. 10,7sec for the 
length of the sidereal year. 

153. Changs op the Pole Star. Another result 
of the preoession of the equinoxes is the curious fact that 
the axis of the earth is not always directed to the same 
points in t/ie heavens^ and since the axis of the earth pro- 
longed to meet the starry vault, becomes the axis of the 
heavens, the poles of the celestial sphere are not stationary 
in the sky. Conceiving the pole of the e(^uator to 
revolve slowly around the pole of the ecliptic in the 
manner alreaay explained, it is evident that while the 
former approaches some stars it must recede from 
others. That star which is nearest to the pole of the 
equator is always termed the pole star, 

164. The present pole star (which is in the constella- 
tion* of the Lesser Bear, at the end of the tail,) though 
now only one degree arid a half from the pole, was at 
thie time of the construction of the earliest star maps, 
twelve degrees distant from it. The north pole of the 
heavens will continue to approach this star until it 
is within half a degree^ when it will begin to recede, and 
in the course of twelve thousand years, the brightest star 
in the constellation of the Lyre will become the pole star. 
For although this luminary is now more than fifty-one 
degrees (51** 20^ 49^^) distant from the pole, it will then 

1. More nearly 50,24/^ 

:?. Conattllmtionj a cluster of fixed stars. The stars have all been 
grouped into constellations by astronomers. 

What it the amount of this difference 1 What is the length of the sidereat jear ? Are 
the poles of the heaven stationary 1 Why not ? What is meant by the term pote star f 
State what is said reipe«ting the present pc4e star 1 What changes will occur m regard to 
the imle star in the course (tf twelve tbonsand years ? Is the pole star always the- same 
orb? 



Digitized 



by Google 



98 THE EARTH VIEWED ASTRONOMIGALLY. 

be within the distance oi five degrees. The pole star 
is not therefore forever and unchangeably the same 
luminary. 

166. Effect of Precession on the Right Ascen- 
sion AND Longitude of the Stars. Since the vemcd 
equinox is the point from whence the position of the stars 
is determinea both in respect to longUvde and right as- 
cension, the backward motion of the equinoxes necessa- 
rily produces a slow change in the amount of these 
measurements though the relative positions of the stars 
remain unaltered. Just as the several distances of all 
the trees in a grove, Jrom a boat slowly floating down 
a neighboring river, are continually chuiging, since the 
point from whence these distances are reckoned is con* 
stantly moving, while the distances of the trees firom one 
another remain fixed. 

166. On their Declination and Latitude. On 
account of the precession the decUncUion also of the stars 
does not remain constant; for since the axis of the equa- 
tor, as it moves around that of the ecliptic, is always at 
right angles to the plane of the equator, this plane has 
necessarily a corresponding motion among the stars. 
From century to century the distances of the fixed stars 
from the celestifd equator must therefore vary, and 
these distances are their declinations. The latitude of 
the stars esoperiences no change from this cause, since the 
precession produce no variation in the position of the 
ecliptic from which the latitudes are reckoned. 

167. Terrestrial Latitude Constant. Terrestrial 
latitudes are unaffected by the precession of the equi- 
noxes, which shows that the change in the position of 
the earth's axis in space, is not a mere shifting of the 
line about which the earth rotates ; for if this was so the 
geographical situation of places in respect to the poles, 
or what is in eflfect the same their latitudes, would also 
change, which is not the case. The earth therefore 
rotates ahord an axis invariably the same, and in the motion 
of this axis around that of the ecliptic, " the entire body 

State what it laid respeetinf the effect of precession ob the right aseenaion and longi- 
tude of the stars 1 Whot on their dedirMMvn and latitude 7 Doea the precession affect 
terrestrial latitudes 1 What does this fact show? What is said respecting the earth's 
axisi 
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of the globe participates," says Herschel, "and goes 
along with it as if this imaginary line were really a bar 
of iron driven through it This is not only proved by 
the unchangeability of the latitudes, but also oy the feet 
that the sea maintains invariably its own level which 
would not be the ease if the axis of rotation changed." 
168. Relative positions op the Signs and Con- 
stellations OF THE Zodiac Variable. On account 
of the precession of the equinoxes the signs of the Zodiac 
do not now correspond with their respective consteUaUons^ 
but have retrograded through the heavens the space of 
one sign or thirty degrees. 

159. When the vernal equinox occurs the sun is at 
the first point in the sign Anes, in the Zodiac, but at this 
time he is seen from the earth, not in the constellation 
Aries, but in that of Pisces thirty degrees distant from 
the first point in the sign. The same change has taken 
place in all the signs, each has moved backwards thirty de- 
grees, so that the sign Aries is now in the constellation 
Pisces, The sign Taurus in the constellation Aries and so 
on throughout the entire Zodiac. 

160. When the first catalogues of stars were con- 
structed the signs doubtless corresponded with their con- 
stellations in position, and we can therefore calculate the 
era when the earliest star charts were made. Thus the 
rate of precession for one year, (60,24^^) is to one year as 
thirty degrees (108000^0 is to 2149.7 years: The Zodiac 
was therefore constructed about two thousand years ago. 

It is important to discriminate clearly between the 
signs of the Zodiac and the constellations. The constella- 
tions of the Zodiac are groups of fixed stars in the plane of 
the ecliptic unchanged in position by the precession. The 
signs of the Zodiac are twelve equal divisions of the great 
circle of the ecliptic, bearing the same names as the con- 
stellations. They are reckoned from the vernal equinox 
beginning with Aries, /)rt^ard through Taurus, Gemini, 
and so on. The badcward motion of the vernal equinox 

What doe* Henchel observe 1 What additional proof of the constancy of the eartli's 
axis is adduced 1 State what is said respectinf the want of correspondence between the 
signs and eonsteilutions of the Zodiac 1 When did the signs and constellations of the 
Z'idiac correspond in position? Prove it. '&x\An\n ihe \«sm* consieUaiions and signs 
ef the Zodiac 7 How are the latter reckoned /onoard 7 
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carries hcuk all the signs at tlie same rate through the 
fixed series of constellations. In about twenty -four thou- 
sand years from the present time, the signs will again 
correspond with their constellations. 

CAUSE OF IBE PRECBS8I0K. 

161. We have seen in our investigation of the figure 
of the earth that there exists an excess of matter around 
the equator ; the equatorial diameter being twenty -six 
miles longer than the polar. A ring of solid matter 
thirteen miles in thickness, therefore, surrounds the earth 
at the eauator above what is necessary for forming a 
perfect globe, having an equatorial diameter equal in 
length to the polar diameter. Now it is the action of 
the sun, moon, and planets upon this ring which pro- 
duces such a displacement in the position of the equa- 
tor, in regard to the ecliptic as gives rise to the preces- 
sion of the equinoxes. 

162. Influence of the Sun. The action of the sun 
is as follows. This vast globe being in the plane of the 
ecliptic, to which the plane of the ring is inclined about 
twenty-three and one naif degrees,' tends by its attrac- 
tive force to draw down the ring to the plane of tlJe 
ecliptic, while at the same time the earth, and of course 
the ring, is revolving on its axis from west to east 

163. The eflective force of the sun acts at right angles 
to the 2>lane of the equator and the force of the rotation in 
fJi£ plane of the equator from west to east The rotating 
ring of matter is therefore acted upon at the same time 
by twoforcesy one of which causes it to rotate fix>m west 
to easty and the other to draw it down to the plane of the 
ecliptic. By their joint action, the ring really moves as 
if drawn by one force acting obliquely to its plane, and is 
as it were twisted round frc«n west to east, intersecting 

1 . The plane of the ring is that of the equator, and its inclination to 
the plane of the ecliptic will be the same : viz., 23^ 27' Z^,^\ or about 
23i. 



How lon|; will it be before the sig;ni and constellations eorrespond in position ? What is 
the cause of the precession of the equinoxes? Explain the action of the sunt U^hat 
two forces combine to prodnce the precession 1 What u the effect of their joint action ^ 
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the ecliptic at points westward of those were it cut it 
before, 

164. The ring is moved in the same manner as a boat 
which sails directly across a river from west to east, 
while at the same time it is slowly drawn down the 
stream by the current. By the union of both these 
forces it descends the river as if influenced by a single 
force acting obliauely to the keel. Every one will of 
course understand that the ring in its motions carries 
the eiurth along with it. 

165. Influence OF THE Moon and Planets. The 
moon's influence in causing the precession of the equi- 
noxes, is greater than that of the sun, on account of 
its being nearer to the earth, being as seven to three ; 
and their united effect produces a displacement of the 
equinoxes from west to east The attraction of the 
planets is, however, exerted in an opposite direction^ 
causing a very small advance of the equinoxes from 
east to we.^t. The actual preceaaion is tiit* Jlrst motion 
diminished by the liitttir. The result obtained is that 
already stated, namely, 50.24"'. 

MTATlOlff.* 

166. We have stated that the precession of the 
equinoxes is caused by the attraction of the sun, 
moon, and planets, upon the excess of matter at the 
earth's equator^ and that in cousequencc of this ac- 
tion the pole of the equator describes the circumference 
of a circle aroand the pole of the ecliptic in about 
twenty -six thousand years. If this actioji of the sun 
and moon w^is ahmiys the mme^ the path of the pole of 
the equator would he a circle ; but this isnot the case, 
for the force of the sun varies — ^its influence being greatest 
upon the equatorial ring, when it is farthest from the 
eartVs equator^ namely, at the solstices, and kast, vanish- 

1. Nutation J from the Latin word nutaiio, a nodding, a moving from 
one side to the other. 

Give tbe illuBtratioo. State what is said respecting the influence of the moon and 
planets. Explain nutation. Solar. 

9* 
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ing to nothing, when it is a^ ^ equator, namely, at the 
time of the equinoxes. 

168. A sin^ar inequality likewise exists in the moon's 
action, arising from a like cause. There is, however, 
this diflferenoe. The variations in the solar force all 
occur in the space of one year, those of the lunar within 
the period of about eighteen and a fialf years, 

lo9. This variation of force produces the nutation, 
and the pole of the equator, if free from any other in- 
fluence, would, in virtue of this, describe among the 
stars a small ellipse in a period comprising about eighteen 
and a half years ; the longer axis of the ellipse being 
about 18^^,5, and the shorter, IS^'',?. The centre of the 
ellipse lies in the circumference of the circle which would 
be described by the pole of the equator round the pole 
of the ecliptic, if the force producing the precession 
never varied, 

170. This subject is illustrated in Fig. 33, where the 

FIG. 33. 




circumference, B, of the large circle, represents the path 
that the pole of the equator, P* would describe around 
the pole of the ecliptic, P, \i precession ahne existed ; and 
A, is the small ellipse which P^ would describe if nutaium 

Lunar. Within what oeriod of time do the aolar variations oceurl Within what 
the lunar? What kind of figure doei the pole of the equator describe in eonseqnence 
of nuUtion ? What it the extent of this ellipse 1 Where does iu centre lie 1 Illustriita 
this subject by figures 33 and 34. 
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occurred without precession. Now, since these motions 
co-exist^ it is evident that neither a perfect circle nor a 
complete ellipse will be described by the pole, P^ ; but 
at one time it will be outside the circumference, B, and 
at another within, revolving about P all the while. It 
will, therefore, actually describe a circular waving path, 
like that exhibited in Fig. 84, where P is the pole of the 
ecliptic, and the pole of the equator advances towards 
P and recedes from it, as it follows the path, AA"BB*, 
and so on. 

FIG. 34. 




171. The influence of the moon in producing nuta- 
tion is to that of the sun, as five to seven. 

172/OBLiQurrY of the Ecliptic Affected by Nu- 
tation. It is evident from an inspection of the above 
figure that the pole of the eqvutor approaches to and re- 
cedes from the pole of the ecliptic at determinate in- 
tervals of time. The inclination of the plane of the 
equator to that of the ecliptic, must, therefore, fluctuate 
in the same manner, since the axes of the equator and 
ecliptic are always at right angles to their respective 
pfahes. Recorded observations prove this point ; a few 

are here given : 

« — — i — — . — — 

What w the ratio of the moon*8 influence to the|||n*s in producinj; nutation 1 Is the 
obliquity of the ecliptic effected by nutation 1 Whyl Do recorded observations show u 
change in the obliquity. Prove this from the table given. 
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liob Tcheouiong, (Chinese,) 28^ - 64^ 02^" 
824 Pytheas, of MarseiUes, 23*» 49^ 2(y' 
140 Hipparchiis, . 23^ 51'- W 

830 Almamun, .23** 33^ 52'^ 

. 879 Albategnius, ...... 23° 35^ 00^^ 

1690 Flam^teed, 23° 28^ 56'' 

1825 Bessel, . 23° 27' 48,4'' 

173. The change in the situation of the pole of the 
equator arising from nutation will likewise cause a slight 
periodical vamtiton in ^tbe right f^^oenaioos, declinations, 
and longitudes of the fixed stars. 



CHAPTER IX. 

OP THE EARTH'S ORBIT. 



174. The path described by the earth in its revolution 
about the sun is an ellipse; this is proved by observa- 
tion in two ways. First, by the changes in the apparent 
diameter of the sun. Secondly, by variations in its ap- 
parent velocity. The following illustration will enable us 
to understand why these changes lead to a knowledge 
of the true form of the earth's orbit. 

175. Suppose that above the centre of a large circuJai^ 
field, an immense gilt globe was fixed in an elevated 
position, and that a person drove around the field always 
preserving the same pace, and keeping at the same dis- 
tance from the globe. Under these circumstances (if he 
were unconscious of his own motion) the globe would 
appear to move around him with the same unvarying 
motion, and to be always of the sam£ size. But if the 
field was elliptical in shape, and the globe above one pf 
the foci, and the experimenter drove most rapidly when 

What other variations does notation eause 1 What is the subject of Chapter IX ? 
What is the ^xm of the path de^Bribed by the earth around the sua 1 In what two 
ways is this proved ? Give the illustration. 
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nearest the globe, and slowest when most remote from it, 
he would, (being unconscious of his own motion, as be- 
fore,) behold the globe changing its apparent size and 
rate of motion as it performed its seeming circuit around 
him ; possessing the greatest apparent size and swiftest ve- 
locity when nearest^ and appearing the smallest and moving 
the slowest when most distant, 

176. It is in this manner that we view the solar orb. 
Our globe is the car on which we ride, and we sweep 
through space around the sun at differing distances from 
it, ana with changing speed ; but all unconscious of our 
own motion, the sun seems to move around vs^ varying 
its velocity and apparent size. These changes in respect 
to the sun show that it is not in Hie centre of the figure 
that the earth describes around it The true figure of 
the orbit is found in the following way. 

177. Apparent Diameter. liihQ apparent diameter 
of the sun is taken at stated intervals as at noon through- 
out the year, and his apparent daily angular motion in 
the ecliptic is likewise observed, we have the means of 
solving this problem. It is a law in optics, that the ap- 
parent magnitude of a body is inversely proportioned to 
its distance;^ that is if at a certain distance it appears of 
a certain size, when ten times nearer it will appear ten 
times larger^ and \£ five times farther off five times sm^aller, 
and so on. 



1 . This law is easily understood by the aid of the annexed cut, where the 
9ame body, represented by the circle A, is placed at different distances 




from the eye at C. At the distance CB' the body A is seen under the 
angle DCL* which is lOO. Ten degree* is at* this distance its apparent 
diameter. At the distance 06 which is twice CB^ the apparent diameter 
of A is LCD, the half of DCL* or an angle of five degree: Thus the law 
is proved. 

Apply it to the motions of the earth in reference to the sun 7 What do the changes 
mentioned show in respect to the position of the sun 1 
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178. Bearing this law in mind, and having all the 
above observations, we take upon a card a point E, Fig. 
85, which we call the earth and another S, the sun, and 

FIG. 35 




earth's OmilT. 

draw a line SE one inch in length forjnstance, repi*6- 
senting the distance of the sun from the earth on the 
day when the sun appears the largest. We now draw 
for the next day a line ES* making an angle with ES 
equal to the observed angular motion of the sun, since 
it was at S the day before ; and we determine the length 
of the line ES* by making it a^tauch hnger than SE, 
as the apparent diameter of the sun when at S' is hss 
than when at S, For the next day we proceed in the 
same manner, and so on for the entire year, fixing the 
distances of the lines ES, ES,* ES,* &c., from each other 
by means of the apparent daily moti(m of the sun, and 
determining the length of these lines by the variations in 
its apparent diameter. Then joining the ends of these 
lines we have a figure that represents the orbit of the 
earth. 

179. The figure thus approximately formed is similar 
to an ellipse, and which by rigorous and refined calcula- 
tions is proved to be an exact ellipse. We must recol- 

State the manner in which the true orbit is approximately found ? What ha» been 
jproved by ric^oroofl mathematical calculations ? What 'mutt we reooiieet? 
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lect however, that since it is the sun which is etationart/j 
and the earth that moves, the true place of the sun in the 
figure is at E, one of the foci of the ellipse, while the 
earth moves round in the curve occupying the portions 

s, s^s^s^ &c. 

180. The apparent diameter of the sun which is its 
angular breaath, can be measured by various instru- 
ments, but one called a heliometer,' is constructed par- 
ticularlv for this purpose. When the earth is fartnest 
from tne sun,, the apparent magnitude of the latter is 
3r SV and when nearest 32^ 35^ 

181. That point in the orbit of the earth, or in that 
of any planet or comet, which is nearest to the sun is 
called its perihelion,'^ and that which is most remote ita 
aphelion,* the Jbrmerterm signifying <iAou/ the sun and 
the latter meaning y^om the sun. 

lathe case of the earth its perihelion is also called the 
perigee,* and its aphelion the apogee.^ These terms are 
used in reference* to the apparent approach and recession 
of the sun from the earth. 

The perihelion and aphelion, have also the name of 
apsides,* and the line which joins them is termed the line 
of the apsides, 

182. Anomalistic yeab. The places of the perihe^ 
lion and aphelion are not fixed as r^ards absolute space 
but have a gradual motion from v)est to east 

183. K we were to note this year the exact time when 
Aesun had the least apparent diameter, at which mo- 
ment the earth of course would be at its perihelion, and 
determine at this instant the position of the earth in 
reference to the fixed stars, on making the same obser- 

1. Htliometer, (toin the Greek heliog the sun, and metron a measure 
i. e., a sun-measurer. 

2. Perikelionf from the Greek peri, about, and heliM the sun. 

3. Aphelion, from the Greek apo, from, and helios the sun. 

4. Perigee, from the Greek peri, about, and gi^ the earth. 

5. Apogee, from the Greek apo, from, and ge^ the earth. , 

6. Apndea, from the Greek apoio, meaning a binding together. Any 
ennred form. 

How it the «ipparntt dtomctcr of the ran ineMuredl What is the niKfnitade of the 
sppeieot diameter when the earth if farthest from the sun t What when nearest t What 
it meant by the term periheUon, aphelion, pericee, apogee, apsides, and the line of the 
aptidet 1 Are the placet of the perihelion and aphelion fixed in tpaee ? 
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vation the next year, we should find that the perihelion 
occurred nearly 12^' of space (11,29^^) to the east of its 
positiofi the year be/ore, 

184. Year after year this motion continues in the 
same direction. The earth therefore, in moving from its 
perihelion to its perihelion next again, & period which is 
termed the anomalistic^ year, performs one entire revo- 
lution and about 12^^ over. This small space is con- 
verted into time, as follows: 860° : 865 days 6h. 9m. 
10,7sec., (the length of a- sidereal year) : : 11,29'^ : 4m. 
84,9sec. The length of the anomalisiic year is therefore, 
865d. 6h. 13m. 45,6sec. 

185. This motion of the perihelion from west to east, 
may be conceived to take place as if the line of the 
apsides had a slow motion from west to east ; or as if the 
earth's orbit, imagined to be a solid elliptical ring moved 
about the sun as a pivot ; the line of the apsides, making 
an entire revolution in about 115,000 years. 

186. This subject is illustrated in Fig. 86, where Aries, 
Taurus, &c., represent a part of the ecliptic, S the sun, 
and AOP, A^OT* and A»0«P», the position of the 
earth's orbit at diflferent times. The aphelion in the 
three positions is at A, A\ A', the perihelion at P, P', 
P*, and the line of the apsides takes the directions APE, 
AT^E\ AT'R* ; the places of the perihelion P as re- 
ferred to the heavens occupying successively the points 
R, R\ R", as the line of the apsides moves from v)est to 
east Thus though the earth's orbit preserves the same 
form and the earth maintains the same distances from 
the Sim at every revolution, yet the orbit itself may and 
does vary its position in space contihually. 

187. Apparent Angular Motion. The am>arent 
angular motion of the sun in the ecliptic, is obtained from 
observations on its right ascension and declination ; and 
these measurements are made by means of the transit 

1. Anomalhtie, from anomaly, an irregularity. 

What ii the amount of th« annual change in the position of the perihelion 1 
In what direction does it move 1 Ii this mirtion constant ? What is meant by the term 
animalistic year 1 What is itsjength 1 How may this motion of the perihelion be con* 
ceived to take nlace 1 In how long a tkne does it take for the line of the apaides to make 
one NTolution 1 Illustrate from figure. How is the apparent angular notion of the sua 
measured 1 
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FIG. 36. 




ANOMALIfTIO TEAR. 

instrument or mural circle,^ and the astronomical clock.' 
The daily apparent velocity of the sun at apogee, is 
nearly 57' 12^' (57' 11,48'',) and at perigee 1° Or, which 
is the same as saying that the earth's actual daily motion 
at her aphelion is 57' 12", and at her perihelion 1° 01'. 

188. Variation in theEabth'sorbitual velocity. 
It might be supposed that these variations in the sun's 
apparent daily velocity are entirely owing to the periodi- 
cal changes in its distance from the earSi ; since if the 
latter were always to move through its orbit with the 
same speed, its angular velocity would be inversely pro- 

1. The mural circle, is an instrument especially employed for measuring 
arcs on the meridian. It is a graduated circle much larger than that usu- 
4ll]y connected with the transit instrument, and consequently much smaller 
arcs can be measured upon it. It is termed a mural circle, because when 
{n its place it b firmly connected with a wall, Murus, in Latin, signifies a 
wall. 

^, It will be recollected that the clock is only used in taking right 
a9eennon». 

What is the daily apparent velocity of the apogee 1 What at perigee? What fa thi» 
the same as sa:f ing ? What might at first he supposed to be the eause of ths TS?iiltton» m 
the earth's orbltual velocity 1 

10 
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portioned to its distance from the sun, ' But these changes 
in distance wUl not account for the changes in angtilar 
velocity to Xhefull extent of the latter ; for the observations 
of astronomers show, that the angular velocities of the 
earth at any two points of its orbit are not to each other 
inversely as the distances, but as the squares^ of the distances 
at these points, a fact which proves that the earth 
actually moves faster according as it is nearer to the sim. 

189. Form of the Earth's orbit ascertained by 
Angular Velocities. We have just seen that the 
angular velocities at any two points of the earth's orbit are 
inversely as the squares of the distances at these points. 
The square roots' of the angular velocities will, therefore, 
be inversely proportioned to the distance^,* Observing 
therefore, from day to dajr, the sun's apparent angular 
velocity, we can thus obtain the relative distances of the 
sun from the earth throughout an entire year ; and hav- 
ing these, we can proceed to map down the figure of 
the earth's orbit in the manner already explained in 
Art. 178. 

190. Product of the Square of the Distance 
into the Angular VELOCiTy. — Constant. From the 
relation that exists between the angular velocities of the 
earth in its orbit and its distances from the sun, it re- 
sults, that if the angular velocity of the earth for any 

1 . This fact is easily proved. If from a coininoD centre we describe two 
circlet, and the radius of th^ larger' c^cle is twice as long as that of the 
smaller, then the circumference of the larger circle will also be twice as 
long as that of the smaller. Now if two bodies start together the firet. on 
the smaller circumference and the eeeond on the larger with the same 
velocity ; by the time ihefiret has made one revolution or 360O, the^oond 
has only made half a revolution or iSOO. In other words that body .which 
is twice as far from the centre as the other, has only half the angular 
motion of the latter. 

2. 'The square of a number is the product arising from multiplying the 
number once into itself, thus 4 is the square of 2 ; because 2x2 equals 4. 

3. The square root Of a number is euch a number as multiplied into itself^ 
will produce the first number. Thus the square root of 4 is 2, because 
2X2 gives 4, 

4. If four quantities are in proportion, their square roots will also be in 
proportion ; thus, if 4 : 16 : : 9 : 36, then 2 : 4 : : 3 : 6. 

What do the observatigoi of astronoinert show ? What is proved by this fact 1 What 
tfM he determined by the angular velocities 1 What results from the relation that exist* 
between the angular velocities and distances. 
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given period is multiplied into the square of its distance 
from Ae sun at that tiine the product ivill always be the 
same. 

191. For when one quarUity increases at exactly the 
same rate as another decreases^ they are said to vary in- 
versely, and their product is always the same. Thus if 
a locomotive passes over a given space with a certain 
speed and in a certain time ; if the speed is doubled and the 
time halved^ or the speed halved and the time doubled the 
5a7ne space will still be passed over ; and this will con- 
stantly be true if one of these two quantities is always 
increased in just the same rdtio^ as the other is diminished. 

192. It follows from this fact, since the angular velocity 
of the earth varies inversely as the square of its distance 
from the sun, that the product of the angular velocity of 
the earth for any given period into its distance at that 
time is invariably tike same. Thus, for instance, the an- 
gular velocity for the 20th day of June, multiplied by the 
distance that ^ earth is then from the sun, is equul 
to the product of the distance and angular velocity for 
the 20th of December, and so for any other day in the 
year. 

From the preceding relations another result is also 
obtained, which is expressed in astronomical terms, by 
saying that the radius-vector^ of the earth describes areas 
directly proportional to the times. This expression signi- 
fies, that if the centres of the earth and sun were con- 
nected by a line, and this line moved around the sun as 
on a pivot carrying forward the earth in its orbit ; that 
then the spaces swept over by the line, would exactly cor- 
respond in ext&iit with the times that the line was in mo- 
tion ; for instance, that the space passed over, by the 
radius- vector in two days is doable that swept over in one, 
one-hay of that described in four^ &c. To illustrate. In 
Fig. 35, where SE is a radius-vector, if the earth is sup- 

1. That 10, if one of these quantities is- multiplied by any number the 
other i» divided by the same number. 

2. Derived from the Latin word vector, signifying a carrier. 

What ii true in respect to the frodmct of two qaantitiei that are inverMly proportional 1 
What follows from this fact 1 What other result is stated % What does this exprassiou 
signify 1 Give instances 1 Illustrate from figure. 
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posed to describe the arcs SS^ and S*S*, in the same 
time, bringing the radius- vector* successively into the 
positions S^E and S*E, then the areas SES' and S>ES«, 
are equal 

KEPLER'S LAWa 

193. The principle JTist stated, is one of the laws of 
Kepler. Thi^ distinguished astronomer, who flourished 
about 250 years ago, discovered three great laws of 
planetary motion, which from their importance are 
termed the laws of Kepler. They are enunciated as 
follows-: 

First Law. The planets move in ellipses around the 
sun, which occupies a focus common to all these ellipses^ 

Second Law. The radius-vector describes areas propor- 
tioned to Uie times. 

Third Law. The squares of the periodic^ times of the 
planets are proportional to the cubes^ of their average 
distances from the sun, 

EXTENT OF THE EARTH'S ORBIT. 

194. We have discovered the form of the earth's orbit 
by ascertaining its relative distances from the sun during 
its annual circuit, but the actual extent of this orbit can 
only be known when we have the real distance of the 
earth from the sun in some known measure as miles. 
In what manner this is done we will now explain. 

195. How Ascertained. In order to solve prob- 
lems like these mathematicians have taken the circum- 
ference of a circle as BDMN, Fig. 87, and divided it into 
arcs of degrees, minutes and seconds, beginning to reckon 
from B. Lines, like XI, X'V, X«P, X'I», &c., are then 
drawn, or supposed to be drawn from one extremity of 

1. Periodic time is the timd occupied by a planet in perfonning one 
revolution about the oun. Thus, one year is the periodic time of the earth, 

2. A cube is the quantity resulting from multiplying a quantity into itself 
twice ; thus S is the cube of 2 because 2x2x2 equals 8. 

SUte the law9 of K«pl«r 1 Have we m yet ascertained the diw^eiuioiu of the earth's 
orbit 1 What have we discovered ? Bow'caq tb» nctual extent of the eA|th*> orhM b# 
obUioed? 
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FIG. 38. 




CIRCLE WITH TRUNGLK8. 



each arc perpendicular to the diameter MB, passing through 
tlie other extremity^ making with portions of this diameter 
and the several radii, CX ; CX* : CX*, &c., a series 
of right angled triangles; viz., CXI, CX»I', CX*I^ &c. 
Giving next some particular value to the radius of the 
circle, as a foot for instance, they have calculated in parts 
of the radius the value of the heights^ (XI, X*I\ &c.,) and 
the hases (CI, CI*, &c.,) in as many right angled tri- 
angles as there are seconds in one quarter of the circum- 
ference from B to D, These results set down in order 
with others of the like nature constitute what are termed 
trigonometrical tables. Bearing in mind these facts we 
will proceed to the second part of the explanation. 

196. In Fig. 38, S represents the centre of the sun. E 
that of the earth, SL is a line supposed to be drawn from 
the centre of the sun, touching the earth at L, and 
necessarily at right angles to the radius of the earth LE ; 
and ES is a line imaginary, connecting the centres of the 

Explain the method taken by mathematicians to tolve problems like these ? 

10* 
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earth ^nd sun. SLE, therefore, constitutes a right an- 
gled triangle, and the angle LSE is the average horizon- 
tal parallax of the sun, equal to S''^ 6. 

197. Now we hn(yw the length of the line LE, which 
is half the earth's diameter, to be 3,956 miles, and as we 
have the value of two angles in the right angled trian- 
gle SLE, we can find that of the third, since the sum of 
the angles of any rectilinear triangle is always equal to 
180 degrees^ Art 13. These things being known we can 
obtain the real distance of the sun by a simple proportion. 
Looking into the trigonometrical tables we select a right 
angled triangle whose angles are respectively equal to 
those in SLE, let CBD, Fig. 38, be that triangle, the 
lengths of whose hase^ hypothenitse^j and heighthsLve allbeen 
calculated, and are set down in the tables. But as SEL 
and CBD are similar triangles, the sides about the equal 
angles are proportional (Art. 14,) i. e. the hypoihenuse of 
one is to the hypoihenuse of the other, as the height of the 
one is to the height of the other ; and so of the hoses. To 
obtain therefore, the distance of the sun, we should 
make the following proportion ; namely, BD : CB : : 
LE : SE. 

198. Now we find from the tables that if CB is (me 
mile in length, BD then the value of BD is equal to four 
thousand one hundred and sixty-nine hundred millionths 

1. Hypothenuse — the hypotheutue of a right angled triangle, is the Bide 
opposite the right angle. 

Calculate the distance of the lun from the earth 1 
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of a mile (00004169.^ Substituting the values of the first 
three terms of the aoove proportion, it would stand thus: 
ffiD) (CB) (LE) 

(00004169) : 1 : : 8956 : SE 
By the rule of three, SE will therefore, equal the pro- 
duct of the second and third terms, divided by the mrst, 
to wit: 

(3956x1) 
00004169 
which gives 94,900,000 miles, for the value of SE, the 
distance of the sun. In round numbers therefore, the 
average distance of the earth from the sun is 95,000,000 
of miles ; at the perigee^ it is 93,000,000, and at the 
apogee, 96,000,000. 

The extent of the orbit of the earth is estimated 
at about 600,000,000 miles,' and through this immense 
space it sweeps in the course of a year, at the rate of 
nineteen miles per second. 



CHAPTER X. 

OF THE SEASONS 



199. The Seasons. The changes of the seasons, 
depend upon three causes. First, the fact that the sun 
illumines but one half of the earth at a time ; Secondly, 
that the axis on which the earth revolves is inclined to 
the plane of the ecliptic ; Thirdly, that its position at 
any one point in the earth's orbit is invariably parallel 
to its position at every other point. 

1. Though the earth-s orbit is an ellipge the eccentricity is very small, 
and we may regard it as almost a perfect circle. Considering the orbit as a 
circle we ascertain its extent by the rule for finding the circumference of 
a circle from knowing its diameter. Multiplying therefore, 190,000,000 
miles by 3.14159, we obtain in round numbers €^,000,000 miles, for the 
length of the earth's orbit. 

What in round numbers it the average distance ? What the least and what the great- 
est 1 What is the extent of the earth's orbit 1 What is its orbitual velocity per second 1 
What is subject of Chapter X. 1 Upon how many causes does the changes of the seasons 
deprad 1 Name them 1 
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The axis* of rotation is inclined to the plane of 
the ecliptic about sixty-six and a half degrees, and 
constantly points to the same place* in the celestial sphere, 
during an entire revolution of the earth in its orbit. For 
although in the interval of six months it shifts its posi- 
tion in space the extent of the diameter of the earth's 
orbit ; viz., one hundred and ninetv million^ of miles, yet 
this is so small a distance compared with that of the fixed 
stars, that at one of these stars our globe, if it was possi- 
ble to see it, would not appear to move ; the vast area in- 
cluded in its orbit, dwindling down to a mere point. If, 
therefore, the aods of the earm points to any place or star 
in the celestial sphere, it will continue to point to it in 
every position that the earth assumes in her revolution 
about the sun, 

200. By the aid of Fig.'^ 40, we shall be enabled to 
perceive how the variety of the seasons is produced by 
the causes just mentioned. In this cut, S* represents tlie 
sun, the twelve globes indicate the several positions of the 
earth in its orbit, in the successive months of the year 
with the corresponding signs, and the dotted line CS*C 
gives the direction of the plane of the ecliptic. In the 
several globes C is the centre of the earth, DCL is an 
equatorial diameter and shows the direction of the plane 
of the eqicator ; the diameter at right angles to this ; viz., 
NCS is the aods of the earth and its extremities the north 
and south poles ; N representing the north pole. The two 
large arcs of circles on each side of DCL, are the tropics 
and the small arcs near the poles the arc^* (northern) and 

1. The axis of the eaiih is at right angles (90O) with the plane of the 
equator. The plane of the ecliptic l^ing inclined to that of the equator about 
twenty-three and one half degrees, it ntnst therefore be mdined to the axis 
about sixty-six and one half, degrees since sixty-six and one half added to 
twenty-tliree and one half equals ninety. 

2. Prece99ion and nutation will of course produce a very slight 
displacement. 

3. The figure is here drawn as if the plane of the ediptic was viewed 
obliquely, the orbit of the earth therefore, appears more eccentric than it 
actually is. , 

4. Arctic (northern.) From the Greek word, arktoe meaning bear, 
because the north pole of the heavens is in the constellation called the bear, 

' What ii the extent of the incliBation of the earth's azii to the eeh'ntic 1 Exfilain whv 
the eartiri axis is directed to the fame points in the heavens notwithstanding the eanb 
revolves about the sun 1 Explain the figure. 
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antarctic^^ (southern) or polar circles. The lines drawn 
in each glofce from 0, parallel to CS'C, indicate the post- 
^ Hon of the plane of the ecliptic with respect to that of the 
equator. 

201. Spring. At the vernal eguinox^ (March,) when 
the earth is in Libra,* the circle of illumination extends to 
the two poles j^ihQQxm is in the plane of the equator, and 
is seen from the earth in this plane. As the earth rotates 
on its axis every point upon its surface is then half tlie 
time of one rotation in darkness, and the other half in 
light. In this position of the earthy the days and nights 
are therefore eqxial all over the glolie, 

202. Summer. When the earth is in Capricorn at the 
northern summer solstice^ , (June,) the axis being un- 
changed in direction, the north pole is presented towards 
the sun, and the circle of illumination extends beyond the 
pole N to the arctic (northern) ctVcfe, while in the sovifi- 
em hemisphere it falls short of the south pok S, reaching 
only to tne antartic (southern) circle. 

203. The sun is now seen n'om the earth in the direc- 
tion CS*, having apparently moved towards the north the 
extent of the angle DCS*. This angle DCS* measures 
the inclination of the plane of the ecliptic to that of the 
equator, which is termed its obliquity, and is equal to 
about twenty-three and one half degrees (more nearly 23** 
27^48.4''^.^ 

204. Tne exact distance that the circle of illumination 
now overlaps the northern and falls short of the south pole 

1. Antarctic, from the Greek anti opposite, and arkto9, bear, i. e., toutk, 
S. At the time of the venial equinox the earth is in Ubra, but the sun 

as viewid from the earth appears on the oppoeite nde of the heavens in 

the eign Aries, 

3. In the figure, at the vernal equinox the dark hemisphere of the earth 
18 presented to our view, the illuminated hemisphere beinff toward the sun 
as shown in the globe at Aries. The circumference of we circle of illu- 
mination, both at Libra and Aries is DNLS. 

4. Solstice, from the Latin sol, the sun, and sto I stand, because the 
sun appears at the time of the solstices, neither to move to the north or 
south, but to be stationary as respects these directions. 

At th« time of the vernal equinox, what is the pmitioQ of the circle of illuntinntion in 
respect to the poles 1 In what plane is the sun ttwn situated, and in what plane seen T 
What is said in regard to the lengUis of the days and nights at this tttne 1 Whnt is the 
position of the circle of illumination at the northern summer solstice 1 What is the ob- 
liquity of the ecliptic 7 Its extent 1 
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is eqiuil to the oblig^ify of the ecliptic ; for since the time 
of the vernal equinox, the sun in his apparent motion 
has departed from the plane of the equator at the same 
rate, that the plane of the circle of illumination has de- 
parted from the poles*. The parallels of latitude there- 
fore, to which the circle of illumination extends at the 
summer solstice, and which are termed the arctic and aw- 
tartic circles, are each about twenty-three and a half 
degrees from their respective pcies. The regions inclosed 
within these circles, are called the frigid zones, 

205. At the time of the northern summer solstice, con- 
tinual day reigns at all those places that are situated 
within the arctic circle, inasmuch as the daily rotation of 
the globe does not carry them without the circle ofxllumi- 
nation ; while over the regions that lie within the antarc- 
tic circle, an unbroken night prevails, because the earth 
in its rotation does not at this time bring them within the 
circle of illumination. It is evident from an iijspection 
of the figure, that in the northern hemisphere, since half 
the axis UN falls within the plane of the circle of illumi- 
nation, that the days will increase in length and the nights 
decrease from the equator to the arctic circle, where there 
exists a continual day. In the southern hemisphere, since 
half the axis CS /alls without the plane of uie drcU of 
illumination the days will decrease and the nights increase 
in length from the equator to the antartic circle, where an 
uninterrupted night prevails. 

206. At the vernal equinox, the days and nights as 
we have seen are equ^il in length. A difference m this 
respect commences as soon as the earth departs from this 
point, which gradually increases up to the time of the 

1. The angles DCN and S*CO, are each equal to ninety degrees being 
right angles. If we take from them the angle S'CN which is oolnmon to 
both, the two smidl angles that remain ; namely, NCO and DCS* must be 
equal to each other, but DOS' is the measure of the obliquity, therefore, 
^CO equals 23o 2V 43,4". The distance of the circle of illumination 
from Uie south pole is proved in the same way, and the same demonstra- 
tion can be used when the earth is at the northern winter solstice. 

Tbe extent of the arctic and antartic circles, and why? What are the Frigid Zones? 
Where does continual day prevail at the time of tbe northern summer solstice, and why ? 
Where unbroken night, and why? What is said respecting the lengths of the days and 
nights in tbe northern hemisphere ? In the southern ? When do these differences in 
length begin ? 



Digitized 



by Google 



120 THE EARTH VIEWED ASTRONOMICALLY. 

summer soktice^ when the difference in the lengths of the 
days and nights is greatest 

207. At the summer solstice, the sun's rays fall perpen- 
dicularly upon the surface of the earth in the direction 
S^C, at a point about twenty-thxee and a half degrees 
(23° 27" 43,4^0 ^^^^ ^^ ^^^ equator ; the paraUel of lati- 
tude passing through this point is termed the northern 
tropic or TROPIC* OF cancer, because the sun as now 
seen from the earth appears in the sign Cancer. 

208. Autumn. As the earth departs from the iiorth- 
ern stcmm^ solstice and by degrees comes round to the 
autumnal equinox^ (September,) the circle of illumination 
gradually approaches the poles, shortening the days and 
lengthening the flights in the northern hemisphere, and 
producing the contrary effects in the southern. When the 
earth has arrived at the autumnal equinox in the sign 
Aries, the circle of illumination again passes through 
both poleSy and the days and nights, ate otice more equal 
in length, 

209. Winter. The earth moving onward in itp 
course toward the northern winter solstice, the circle of illu- 
mination also changes its position falling short of the 
north pole moi^e and more, and gradually extending beyond 
the south pole ; vicreasing the duration of thfe nights in 
the northern hemisphere and diminishing that of the days ; 
while in the southern hemisphere, the opposite effects 
are produced. At the winter solstice, when the earth is 
in the sign Cancer, (December,) this change has reached 
its full extent ; the circle -of illumination then reaches 
beyond the south pole to the antarctic circle, and the regions 
within this circle now enjoy a continual day. But in 
the northern hemisphere the circle of illumination ex- 

1. Tropic, derived from the Greek trep6, to turn about, because wheii 
the Bttn, in its apparent advance, to the north, has arrived at a point 
about twenty-three and one half degrees from the equator, it then tmrm 
about and moves toward the south. 

When greatest 1 How is the position of the northern tropic determined? What is it 
cnlledl What changes take place as the earth moves toward the autumnal equinox? 
What is said of the circle of illumination and of the days and night at the equinox 1 
i)t*tr\he the changes that occur as the earth moves toward ttie northern winter solstice 
At the northern winter solstice what is said in reference to the circle of illiiminntinn,a,nd 
tlie lengths of the days and nights ? Where does there now reign an unbroken day ? 
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tend only to the arctic circle^ and tlie space within the 
latter is now overshadoived by a constant night 

210. As the earth withdraws from the northern winter 
solstice, and again returns to the vernal equinox, the 
circle of illumination by degrees again approaches the 
poles, and the differences between the lengths of the 
days and nights, grow less and less until they cease to 
exist, when the vernal equinox is attained. 

211. A glance at the figure shows us that the sun at the 
northern winter solstice is seen south of the equator in 
the direction OS*. And it is seen at this point as far 
south of the eg^uator as it was north, at the time of the 
northern summer solstice; viz., 23° 27^43.4^''. The circle 
of illumination therefore at the two solstices, overlaps 
kad falls short of the same pole the same extent of space. 

212. The place where the line S*C falls upon the sur- 
face of the earth south of the equator, is the place of 
that parallel of latitude, which is termed the southern 
tropic and which is about twenty-three and a half de- 
grees (23° 27^ 43.4^0 south of the equator. It is called 

the TROPIC OP CAPRICORN. 

213. That portion of the surface of the earth included 
between the northern and southern tropics is called the 
TORRID ZONE, and those parts that lie between the two 
tropics and the arctic and antarctie circles, the north 
and SOUTH temperate zones^ 

214. We must bear in mind in this explanation that 
the winter of the northern hemisphere is the summer of the 
southern, and the winter of the southern hemisphere the 
summer of the northern. 

215. Polar Winters — ^Effects of Refraction. 
From what has just been stated, it appears that within 
the polar circle there are long intervals of day and night ; 
while at the poles themselves there is but orve day and one 
night, each of ^ic months duration. But several causes 
exist which tend to shorten the dreary winter of the 

Where an nnbroken ni^htT What change* take place as the earth returns to the ver- 
nal equinox ? How far south of the equator is the sun seen at the northern winter sols- 
tice 1 How much does the circle of illumination at the two solstices overlap and fall 
short of the same pole ? How is theposition of the southern tropic determined 1 What is 
its extent ? What is it called ? What is meant by the Tomd Zone ? What by the 
Temperate Zones ? What must we bear in mind ? What is evident from the facts that 
have just been stated 1 

11 
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Ifrigid zones. ' The principal of these are r^raction and 
tunlight As already stated, Art 86, the refraction in 
these regions is unusually great, causing the sun to ap- 
pear above the fwrizon when it is rea% considerably below 
it, and of course shortening the nighL 

216. In the case mentioned on page 59 which hap- 
pened in the year 1597, three Hollanders were com- 

?elled to pass the winter at Nova Zembla in N. Lat 
5^0. 
After a night of three months duration, the sun ap- 
peared on the horizon, in the south fimrteen days sooner 
than they expected it in this latitude^ and continued from 
this time to rise higher and higher in the heavens. K 
the sun in this instance appeami fourteen days hefin'eyi 
was really due, the refraction must have been equal to 
three and a hd^ degrees. 

217. Twilight and its Influence. TwiliaM^ is 
chiefly caused by the irregular reflection^ of the suns rays 
from the partides of the atmosfmerej when the orb is below 
the horizon; and it ceases when the sun is below the hor- 
izon rrwre than eighteen degrees, measured on a vertical 
circle. At the equaJUyr where the circles of daily motion 
are perpendicular to the horizon, the twilight is the 
shortest, and continues only an hour and tv^ve minutes. 
The inclination to the horizon of the sun's apparent daily 
path, affects the duration of the twilight In all coun- 
tries situated between the equator and the poles, the longest 
twilight occurs at the time of the su/mmer solstice. In lati- 
tude 420 23^ 28"'' the longest twilight lasts for the space 
of ten hours, twenty minutes and thirty-one seconds, 

218. At either pole the sun in its apparent path moves 
parallel to the horizon, and never sints more than about 
23| degrees below it, but until it has passed lower than 
18*^ the faint glimmerings of twilight do not forsake 

1 . The twilight that occurs in the morning is called the dawn. 

2. Refraction is a partial cause of twilight, but this phenomena is 
principally due to reflection. 

What cauMs exiit which shorten the winters of the firifid zonei 1 What are the 
principal 1 What is said respecting the extent of refraction in these regi<nM 1 State 
what was observed at Nova ziembla, in the year 1507. How is twilight caused 1 When 
does it cease t Where is the twilight the ghorteat f What is said respecting the incli- 
nation to the horizon of the sun*s path ? When is twiliriit the longest 1 What is the 
length of the longest twilight in Lat. 428 SS' SS' ? 
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even these places. The combined eflFect of refraction and 
twilight in shortening the polar night is so great that at 
the very poles^ its duration is onlj seventy days instead of 
six months ; and even the obscurity that then prevails is 
relieved by the constant presence of the rrwmi^ when it 
passes north of the equator ; and likewise by the fre- 
quent and fitful splendors of the norOiem lights. 

219. Heat — ^Its unequal distribution over the 
SURFACE OF the Globe— Causes. Since the earth de- 
rives its heat chiefly, if not exclusively from the sun^ it 
is evident that the temperature of any region is intimately 
connected with the length or shortness of its days ; for 
during the day it is warmed and cheered by the solar 
rays^ but throughout the night, the soil, and most of the 
objects upon it, rapidly sink in temperature^ on account 
of the radiation of their heat into the cooler regions of 
the atmosphere. When therefore the days are short and 
the nights long, the ground loses more heat in the night 
than it receives in the day, and iuinter prevails. On the 
contrary when the nights are shorter than the days^ the 
earth acquires more heat than it loses, and the seasons of 
flower and fruit smile upon the land. 

220. Another cause of the unequal distribution of 
heat over the globe is the fact, Ihat the rays of the sun 
strike the surface of the earth less obliquely in^summer than 
in winter ; thus concentrating more heat on a given sur- 
face in t\ke former season, than in the latter. From this 
cause ahne it has been computed that the heat of sum- 
mer would be nine times greater than that of winter j if 
other influences did not exist which lessen the disparity. 

221. The refraction due to the atmosphere, must also 
be taken into account, for according to M. Bouguer, 
when the sun is vertical above any place, 8,123 rays out 
of every 10,000 actually reach ii^ while if this luminary 
has an elevation of 60% only 2,831 of every 10,000 
arrive at the spot 

state what m «ai4 mpeetins ite affiwt at the polM ? What u laid of ttie eofflbinad in- 
flaaooes of refraetion and twili|i[lit ia dioiteainf th« polar nicht t What other mitifit- 
ing inHneaoes exMt ? What isthe source of the earth*t warmth 1 What it the temperatuie 
of any plaee intimately eoonected with 1 Why J When will winter prevail 1 When 
aomaMr ? State the second cooae of the unequal distribution of heat ? How much hot- 
ter would summer be than winter from this cause if there were no counteracting influea- 
oes ? What is the third cause I 
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222. Thus in Fig. 41, if E represents a poini on the 
surface of the earth, EB the plane of the horizon, S the 
position of the sun when its rays fall vertically upon E 

FIG. 41. 




LOBB OF HEAT BY RBFKACTION. 

and S* its position when the rays make an angle of 
50° with the horizon at E ; then 8,123 rays out of 10,000 
will reach E when the sun is at S, but only 2,831 when 
it is at S.* 
223. Summer of the Southern Hemisphere not 

HOTTER THAN THAT OF THE NORTHERN. The earth is 

nearer to the sun at its perikelwrh than its aphelion by 
nearly 3,000,000* of miles, and we should naturally sup- 
pose that on this account the former would receive at the 
perihelion an amount of heat sensibly greater than at the 
aphelion. Moreover since the earth at its perihelion is 
near the northern winter solstice when it is summer m the 
regions south of the equator, it would seem that the sum- 
mer should be hott&r in the southern hemisphere than it is 
in the northern. It is however found that the fiuctua,' 
tions in the earth^s temperature, from this cause are very 
slight; for the investigations of philosophers have jprovea 

1. It will be remembered that the distance of the sun from the earth at 
the apogee is about 96,000,000 miles, and at the perigee 93,000,000, the 
difference being 3,000,000. 

State what it said respecting its influence, and explain from figure. Why might 
we suppose the aumnur of the southern hemisphere to be hotter than that of thu 
northern 1 
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that the amount of heat received by the earth is exactly 
proportioned to its angular velocity aroiiiid the sun. 
Therefore since at the perihelion^ the earth moves through 
an arc of 61^ in a day^ and at its aphelion through an arc of 
57^, the respective daily amounts of heat received by the 
earth at its perihelion and aphelion bear the relation of 
61, to 67; a variation in temperature so small that its in- 
fluence upon the climates of the two hemispheres is 
inappreci^le, amid other more potent disturbances. 

ELLIPTICITY 0? THE EAKTH^S OEBIT-ITS EFFECT OJf TIIE SEASONa 

224. A slight difl-^rence in the length of the seasons 
is found to exist on account of the ellipticity of the 
earth's orbit ; for, in consequence of the earth moving 
faster in its path according as it is nearer to the sun, the 
time that elapses between the autumnal equinox and the 
vemalj is now between seven and eight days, (7 days 16h. 
2m ;) shorter than the period embraced between the ver- 
naZ.and autumnal,^ 

225. The relative positions of the perihelionsLud aphelion 
in regard to the solstices and equdnoocesj at the commence- 
ment of the present century^ are shown in Fig. 42, where 
E andE* represent the two eguinooces^ EE' the&neof the 
equinoxes, S and S* the two solstices, and SS* the line 
joining the solstices, A and P are the aphelion and 
perihelion, and AP the line of the apsides. All these 
lines intersect at the sum These positions are not in- 
variable, for we have seen Art. 183, that the aphelion and 
perihelion have a slow Tuotion from west to east They 

1. In the year 1850, according to Hind, the time elapeed between, 

days h. no. 
The vernal equinox and summer solstice was, 92 

The summer solstice and autumnal equinox was, 93 
The autumnal equinox and winter solstice was, 89 
The winter solstice and vernal equinox was, 89 

The interval between the vernal equinox and the autumnal, was there- 
fore, equal to 186 days lOh. 57m., and that between the autumnal and ver- 
nal, 178 days, 18h. 55m. The difference between these two intervals, is 
therefore, seven days, sixteen hours, and two minutes. 

Explain why it is not ? Why does the ellipticity of the earth*s orbit affect the lengths 
of the seasons t How maeh does the period of time from the vernal to the autumnal 
«quinoz now exceed the period from the autumnal to the vernal 1 

11* 
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POSITION OF THE PRRIHEUON IN THE YEAR 1800, A.D. 

will therefore in the course of nearly a thousand centuries 
Art. 185, pass round the entire orbit of the earth, and 
coincide at definite periods of time, with the solstices and 
equinoxes^ slightly affecting the length of the various sea- 
sons by this motion. In the year 1250, the perihelion 
coincidSd with the winter, and the aphelion with the 
summer solstice, as shown in Pig. 48, the construction 
of which is similar to that of Fig. 42. The spring and 
winter were then equal in length, and the same was true 
of summer and fall. A glance at the figure substan- 
tiates this statement. 

FIG. 43. 
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POSITION OF THE PERIHELION IN THE TEAR 1250, A. D. 

Hal the motion of the perihelion and aphelion any effbct on the lengfth of the seaaomi ? 
Ill what year did the penhelion coincide with the winter and the a^Mitm with the 9wm- 
mer aolstiee 7 How did the seasons then compare with each othm in length 1 
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226. The perthelion at the creation coincided very nearly 
with the vernal equinoXy a point which can be proved by 
a simple calculation. In tne year 1250, A. D., the peri- 
hdvcm was at the wilder sokiicey Le. 90* or 324,000^^ dis- 
tant from the vernal equinox. Now as the perihelion 
withdraws from the vernal equinox at the annual rate of 
61,58^^' ; it will consequently take as many years for it to 
moYQ from the vernal equinox to the winter solstice as the 
number of times that 61,53'^ is contained in 824,000^^ ; 
viz., 5,265. Subtracting then 1250 from 5265 we 
obtain 4,015 from the number of years before the Chris- 
tian era, when the perihelion coincided with the vernal 
equinox^ which is very nearly the date of the creation. 

L The vernal equinox moves from east to we$t at the annual rate of 
50.24". The perihelion moves from west to east at the annual rate of 
11. 29"^ These two points therefore, separate from each other at the 
yearly rate of 61. 53'^ 

Prove that the perihelioo Msrly eoineided with the vernal equinox at the epoch of the 
creatwttt 
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PART SECOND. 
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CHAPTER I. 

THE SUN. 



227. We now proceed to describe the sun, a vast lu- 
minous and TooLtmal globe; around which a train of 
planets and comets revolve, constituting with the sun 

the SOLAR SYSTEM. 

228. When the sun is observed through colored 
glasses, which intercept a portion of its heat and lessen 
its dazzling brilliancy, it presents the appearance of a 
perfect circle^ whose average angular diameter is 32^ 
We are not however to suppose that it is flat and round 
like a plate. While we revolve on the earth about the 
sun, the latter at the sam^ time rotates on its aocis, and yet 
always appears round; a fact which proves it to be a 
globe like our earth, for it is only a spherical body that 
will appear of a circular form when viewed from any 
direction. 

229. Eeal diameter of the Sun. We have seen 
that the average distance of the sun from the earth is 
about 95,000,000, (more accurately 95,298,260\) and 
that the average apparent diameter is 32''. Knowing 
these two quantities were enabled to obtain the actual 
diameter of the orb, by the method explained in 
Art. 198. 

230. In Fig. 44, we represent the sun by the circle S, 
half the sun^s diameter by the line SB, the earth by the 

1. According to the calculations of Prof. Encke of Berlin. 

What ii the subject of Part Sbcomd 1 What of Chapter L ? What is said of the 
SUN ? What forvn does it present when viewed through colored glasses ? What is its 
average angular diameter ? Is it flat and round like a plate ? What proof have we that 
it is a globe ? What two quantities must be kntiwn in order to ascertain the real diame- 
ter of the sun ? 
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circle E, and the distance of the cefotre of the earih from 
the centre of the sun by the line ES, which is the hypo- 
thenuse of the right angled triangle SEB.* 



FIG. 44. 




231. We next take them from the trigonometrical 

tables the values of the sides of a triangle similar to SEB. 

Let S*E^B' Fig. 44, be such a triangle, in which the angle 

S'E'B» equal to SEB is 16^- S»B»E» equal to SBE is a 

right angle, and B*S'E' equal to BSE is 89° 44^* Now 

if S*E* is (me mile, the value of S*B', as shown hj the 

tables, is four thousand six hundred dtXiA fifty-four millions 

of a mile, (,004664ths of a mile.) We thus obtain the 

following proportion, S»E* (1 mile) : SE (95,298,260 

miles) : : S'B' (,004654ths of a mile") : the length of SB 

in miles. Multiplying, therefore, the second and third 

terms together, andf dividing by the first, we obtain the 

following expression for the value of SB, the radius of 

the sun • viz., 

miles 

95,298,260x 004654 ^.^.^ ., 
— = =443,518 miles. 

Thus the length of the radius is found. The entire di- 

1. SEB iff a right angle, beeanse when a line, ae EB is drawn to the 
extremity of a radius of a circle as B, and also touches the circle at that 
extremity, it makes a right angle with the radius, 

2. Since the sum of the three angles in the triangle SEB is equal to 
180O (Art. 13,) if the value of SBE and SEB are known, their sum sub- 
tracted from 180O gives the value of the third angle BSE. 

Find the length in miles of the Min*i diameter ? 
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ameter of the sun or ttmce the radius^ is therefore, 887,086 
miles, nearly one hundred and eleven times greater than 
that of the earth. 
232. In Fig. 45, the two circles S and E, represent the 




RELATIVE MAGNITUDEfl OF THE 8UN AND EARTH. 

relative magnitudes of the sun and earth the diameter of 
the larger circle being 111 times greater than Ihat of the 
smuUer, 

233. Size ob Bulk. If we had tioo cubical boxes A 
and Bj and the length, breadth, and height of A were sever- 
ally 2 feet, while the length, breadth, and height of B were 
each 3 feet, the size of A, would be found by multiplying 2 
into itself ttmce, thus, 2 x 2 x 2, the product of which is 
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8. The size of B, would be obtained by multiplying 3 
in the same mianner, thus, 8x3x3, the product of which 
is 27. The numbers 8 and 27 are respectively the cubes 
of 2 and 3, and the size oi the boxes A and B^ have 
therefore the same relations to each other, as the cubes 
of their respective heights^ lengths^ or breadths, 

234. Now mathematicians have proved Hiat the sizes 
of spheres are 1o each other a^ the CUBEis of their DIAME- 
TERS. Calling then the diameter of the earth 1, and its 
sis!^ 1 ; and the diameter of the sun 111, the following 
proportion will give us the size of the sun compared 
with that of the earU\^^ 

Cube Cube 

of the EartVs diameter. of the Sun" e diameter. site of ike Earth, size of the Sun. 

1x1x1=1 : 111x111x111 : : 1 : 1,367,631; 

the last term being obtained by the common rule of 
three. The sun is thus found to be about one million four 
hundred thousand times (1,400,000) larger than the earth. 

285. Quantity OF MATTER in the Sun. Astrono- 
mers have ascertained from reliable calculations that the 
sun is formed of much lighter materials than the earth ; 
so much so, that M four cubic feet of the suris matter at 
its average density could be transported to the surface of 
our globe, it would weigh but a trifle more ttan one 
cubic foot of the earth! s matter taken at its average den- 
sity. "The quantity of matter in the sun is therefore, 
about 350,000 tiTnes (i of 1,400,000) greater than the 
quantity of matter in the eurih, 

286. Weight of Bodies at the surface of the 
Sun. a body which weighs lOOlbs. on the surface of 
ffie earth, would, if transported to the sun, weigh nearly 
2,8001bs. The weight of a body on our globe, or on any 
other, is a measure of the force with which it is drawn 
toivard the centre of the globe ;^ and when the globes vary 
in size, the magnitude of this force is dependant upon 
two circumstances. First, the relative quantities of mat- 

1. This /orc« is called the force of gravity. 

. 1 

Explain how the eiu of the sun ii ascertained ? How much hiner is it than the earth 1 
Is the fluUter of the sun lighter or heavier than that of the earth 1 How much lighter 1 
How much more matter is there in the sun than in the earth ? If a mass of matter 
weighed lOOlbs. on the surface of the earth, what would be its weight on the sarfaoe of the 
sun 1 What is the wei|^t of a body the measure of 1 
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ter in the two bodies; Secondly, the comparative distan- 
ces of the surfaces of the globes from their respective 
centres, 

237. If there were two globes M and N, and N con- 
tained ninety times as much matter as M, it would in virtue 
of this greater amount of matter draw any body placed 
upon its surface, down toward its centre, with ninety 
times more power than if the same body was placed on 
the surface of M. But if the distance from N's centre to 
its surface was three times greater than the distance of M's 
centre from its surface, the body placed on N's surface 
would in virtue of this circumstance be drawn toward 
the centre with nine (3x3 the square of 3) times less 
power than when placed upon Ms surface. By being 
removed from M to N, the weight of the body would there- 
fore be increased 90 times, and diminished 9 times^ ; which 
is the same as saying that the weight of the body would 
be increased 10 times, 

238. Now to apply this rule to the sun. If a mass of 
matter which weigns a pound at the surface of the earth 
were to be transported to the surface of the sun, its 
weight would be increased 350,000 times in consequence 
of the greater amount of matter in the sun ; and diminished 
12,321 times (111 x 111,) because it would be removed 
111 times /ir^Aer from the centre of the body on which it 
then rested, than when at the earth. Multiplying there- 
fore, 1 by 350,000, and dividing this product by 12,321 
the quotient is 28,4, which is the weight in pounds 
of the given mass at the sun^s surface, A body there- 
fore, which weighs one hundred pounds at the sur- 
face of the earth would weigh about twenty-eight hundred 
pounds at the surface of the sun. A person weighing 
at the earth 1501bs. would weigh at the sun nearly two 
tons. 

1. This rule is ieehnieaUy expressed by saying that the/*r<re tfgraviiif 
varies directly as the quantity of matter in the attraeiing body and iii- 
versely as ihe square of the distance from its centre. 

Upon what tw eireumstaneea doet this foree depend ? Give the explaiMtton. What 
it the lav revpecting this force, in relation to themvantitf •/ matter f What in relation 
to the dintanoe ftom the centre to the lurfaoe of the attraeting glohe? Apply the Yule 
found to Uie aim 1 
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SOLAR SFOTSL 

239. When the sun is viewed through a telescope fur- 
nished with dark colored glasses, and its brilliancy is 
thereby so much diminished that the eye can gaze upon 
it without injury, dushy spots are usujily seen upon its 
surface, extending about 35** degrees on each side of the 
Sufi's equator. Each spot consists of two parts, the cen- 
tral portion or nucleus,^ which is the darkest, and around 
this is a lighter shade called the penumbray^ usually having 
the samejbrm as the spot, though this is not always the 
case, as several spots are at times included within the 
same penumbra. 

240. The spots are not permanent, for they are some- 
times seen bursting out suddenly from the bright disk' of 
the sun, and then as rapidly disappearing; one observed 
by Hevelius appeared and vanished within seventeen 
hours. Their ,/>rm and size also vary from dxxy to day^ 
and even from hour to hour. Sometimes they are seen 
to divide and break up into two or more separate portions. 

241. Size and Number. The extent and number of 
spots almost exceed belief, M. Schwabe of Dessau, who 
has examined them with great attention, has discovered 
many without the aid of the telescope. In June 1843, one 
was seen by him with the naked eye, for the space of a week, 
which measured 167'^ in breaSh. Now as the entire 
angular diameter of the sun is 1,920^^ (32' x 60) and its 
real diameter about 887,036 miles we can l-eadil;7 find by 
the rule of three the real breadth of the sj)ot in miles ; 
for 1,920 : 887,036 : : 167 : 77,153. The breadth of 
the spot was therefore about 77,000 miles, nearly ten 
TIMES as broad as the earth. Another mentioned by 

1. NueleuSy from the Latin word nuelnU, a kernel. 

2. 'Penumbra, from the Latin pene, almost, and umbra, a shadow, i. c., 
a light shade. 

3. Diak^ the face of the sun, moon or a planet, as seen from the earth, 
from the Latin word discus a quoit. 

What have been detected upon the iun*s disk ? Upon what part of the disk aie they 
found ? Describe the s{toti ? Their changes 1 Within what time has a spot been known 
to appear, pass through its changes and VM^isk 1 What is said respecting of their size and 
nnmber? Who has examined them witli great attention 1 What has he discovered? 
How large n snot did he behoid in June, 1843. Calculate its extent 1 How did it oom- 
pure in breadth with the earth ? 

1*2 
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Sir Jolm Herschel, had a diameter of 45,000 miles. 
This gentleman also observed at the Cape of Good Hope, 
toward the close of March, 1887, a cluster of spots that 
covered a space 3,780,000,000 miles in extent ; an area 
nineteen times greater than Ae entire surface of our globe, 

242. These groups often comprise a great number of 
individual spots. M. Schmidt, of Bonn, counted no less 
than tvx) hundred in a large cluster that he examined on 
the 26th of April, 1826, and in August of the preceding 
year, he detected one hundred and eighty in a single 
group. It is a remarkable &ct that although the spots 
extend over such vast spaces, they seldom last more 
than six weeks. 

243. The number of spots varies much in different years. 
It occasionally happens, that during an entire year, 
spots may be seen upon the sun every clear day^ while 
during another year it will be free from them for tveeks, 
and even months together. M. Schwabe, who has 
closely observed the sun for the space of twenty five years, 
has clearly established this fact; for he found that in 
the years 1836-7-8 and 9, there was not a single day on 
which the sun was free from spots, while in 1843, there 
were no less than 145 char days when spots couM not be 
seen. 

244. In addition to the spots the disk of the sun is 
also diversified by branching ridges and streaks more lu- 
minous than the general surface. These brilliant lines 
are usually found in the vicinity of vast spots and clus- 
ters, and from their midst the spots themselves not 
unfrequently break out and spread. 

In Fig. 45, four spots are delineated on the solar disk, 
and in Kg. 46, spots and clusters are shown under their va- 
rious appearances, like nucleus in each bein^ represented 
by the darkest part, and ihQ penumbra by the lightest 

245. Motion of the Spots. If the s\m is watched 
attentively from day to day a spot at its first app^u^nce 
will be perceived on the east svde of the sun, and is then 

Give other instances of the magnitude of spots, and groups of spots 1 How many indi- 
vidual spots do the groups sometimes comprise ? Does the number of snots vary in dif- 
ferent years ? Give instances. How is the sun*s disk otherwise diversified | What is 
stated m respect to these brilliant lines 1 On what side of the sun does a spot Jlr«t appear t 
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FIG. 46. 




80LAR iron. 



seen to move gradually axyross the solar dish, until at length 
it disappears on the luestem side. In this passage it occu- 
pies about SL fortnight, which is the period of its visibility: 
After the same lapse of time it reappears on the eastern 
edge. 

This is true with respect to aU spots which have 
been observed for this purpose, and whose returns have been 
noted; and the fact that their periods oi visibility and in- 
visibility are equal, proves that the spots are in contact with 
the sun. For if they were at any consideiable distance 
from the body of the sun, the tirm of their visibility would 
be less than that of their invisibility, as can be easily 
shown by the aid of Fig. 47. 

246. In this figure the circle E represents the earth, 
and circle ASB the sun. Now if a spot was not in con- 
tact with the sun^s surface but moved m the large circle 
CDP ; it is obvious that it would be impossible for a per- 
son at E to see it crossing the sun's surface except while 

How does it move, and where disappear ? What ii the period of a spot's vinbilitjf and 
invisiAilitff ? What is proved by the equality of these periods ? 
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it was passing through the aire DG. At D and C the spot 
would appear on the edges of the solar disk at B and A, 

FIG. 47. 




SOLAR SPOTS PERIODS OF VISIBILITY AND INVISIBILITY. 

and it would be invisible all the time it was passing from 
C through the rest of the circumference of the large circle^ 
round to D again.x Now as the arc CD is much smaller 
than the other part of the circumference of the large 
circle ; to wit, OPD, the spot, if it moved uniformly must 
be viMe for a much shorter Hme than it is invisible^ which 
is not the case. 

But if the spot is upon the surface of the sun, it 
will take as long a time for it to move from Bto A toward 
E, as from A round to B again ; since the diameter ASB 
divides the circumference of circle S into two equal parts. 
The times of visibility and invisibility must consequently 
now be equal; a conclusion in accordance with clU 
observations. ^ 

247. The time that elapses between the appearance of a 
spot at any point on the solar disk, and its reappearance 
at the same painty is therefore about four weeks^ (more 
nearly 27 1 days.) A spot was observed in the year 
1676, A. D., which made nearly three revolutions. 

248. EOTATION* OF THE SuN OF ITS Axis. It is by 
means of the solar spots that the rotation of the sun on its 
axis is ascertained^ and the period of its rotation deter- 

Show from the figure why the spots must be in contact with the sun ? How Ion; ii 
time elapses between the appearance and reappearance of the tame spot at the same poiut 
un the sun's surface ? How niony revolutions ha^ a spot been known to make? 
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mined. The equality in their times of visibility and in- 
visibiliti/f and the uniform directum they pursue in their 
passage across the sun's disk, lead to the conclusion that 
the spots have no motion^ of their own ; but, being con- 
nected with the body of the sun, are all carried forward 
from west to east by the rotation of this great orb on its 
axis. Astronomers have diJBFered somewhat in respect 
to the period of rotation, but the best and most careful 
measurements show that the sun rota^ once on its aoois 
in the space of 25 days 7h* 48m, 

249. This period is less than that of the revolution of 
the spots, and the reason is evident. If a spot is no- 
ticed jiist on the eastern margin of the sun by a spectator 
upon the earth, it will not reappear upon the same margin 
when the sun has completed one rotation. For while the 
sun has been performing a revolution on its axis the 
earth has also been advancing in its orbit, and the eastern 
margin of the sun is now as many degrees and parts of a 
degree to the tvest of what was the eastern margin when 
the spot first appeared, as the earth has adva/noed degrees 
and parts of a degree in its orbit, during a rotation of the 
sun. This angular space over and above a complete 
rotation must fc gained before the spot will be seen from 
earth, reappearing on the eastern edge of the sun. 

250. This point is illustrated by Fig; 48. In this fig- 
ure the circle S represents the sun, and OB a portion 
of the earth's orbit When the earth is at E, F is a 
point on the eastern margin of the sun ; but when at E\ 
F' is on the eastern margin. Now if the earth was sta- 
tionary at E, and a spot appeared first at F, it would re- 
main visible for a time, men disappear, and at length 
reappear at F, when the sun had made eocactiy one 
rotation. 

But the earth is not statuyrvary, for while the sun is 
rotaUng once it advances as far, we will suppose as E*. 

1. Some astronomers however, have thought that the spots change their 
poeiiion on the sun's surface. 

How is the rotation of the lan on its axis ascertained, and the tinae of the rotation de- 
termined ? Are the spots supposed to have a motion of their own 1 What is their motion 
the same as ? In what time does the son complete a rotation 1 Is this neriod equal to 
that of the revolution of the spots ? Explain why they differ ? Explain from figure 48. 

12* 
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FIG. 48. 




PERIOD OF THE SUN^B ROTATION. 

The spot will not therefore reappear when it has arrived 
at F, and the sun has made one rotatum : the sun must 
revolve still more until the spot has arrived at F*, when 
it will be seen by the spectator at E* on the eastern 
margin of the sun ; the same place that it occupied when 
seen at F from E. The time therefore that elapses between 
the appearance and reappearance of a spot is Oie time it 
takes the sun to perform one rotation^ and such additional 
part of a rotation as is represented by the angle FSF. ' Now 
the angle FSF* is equal to the angular motion of the earth 
in its orhlt^ while passing from E to E* ; viz., the angle 
E'SE ;' a quantity which is hwiun, since the time the 
earth takes in passing from E to EMs exactly the same 
as that which elapses between the appearance and reap- 
pearance of the same spot; viz., about 2T\ days. 

251. An approximation to the period of the sun's ro- 

1. The triangles £FS and E^F'S being in etery respect equal, the an- 
gles E^SF> and ESF, are therefore equal. Taking from these the angle 
ESF^ which belongs to both, the remaining angles ES£^ and FSF^ must 
also be equal to each other. 

Knowing the period of time that elapsei between the afp^arance and return of a spot,. 
how do we obtain the time of the san'a rotation 1 
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tation may be thus obtained. The earth moves from E to 
E' in nearly 27j days, sA the rate of ab(mt one degree Sid^j] 
the angle ESE' is therefore nearly eqiuil to 27 J ^, and so 
is FSF*. Consequently the sun in 27| days performs 
one rotatum (360°) and Ae additional part FSF' (271°.) 
We then have the following proportion. The angular 
space through which the sun rotates in twenty-seven and a 
quarter days; to wit, 887i° is to 27| days as 860° is to 
the period of one rotation. Multiplying next the second 
and third terms and dividing by the^irs^, thus 
360x27j ^ 

887i 
the^ value of the fourth term is found to be 25^ days. 
The period of rotation is therefore, about 25 days 8h. 
More refined calculations give the period before men- 
tioned ; viz., 25 days 7h. and 48m., as the true time of 
the sun's rotation on its axis. 

252. Inclination op the Sun's Equator to the 
PLANE of the Ecliptic. K the equator of the sun was 
coincident with the plane of the ecliptic, it is clear that the 
path of the spots across the disk of the sun would appear 
as straight linesy when viewed from the earth in any point 
of its orbit. 

If the plane of the sun's equabyr was perpendicular 
to that of the ecliptic, it is manifest that in two opposite 
positions of the earth and in two only would the paths 
of the spots appear as straight lines; viz., when the 
plane of the suns equator passed through the earth : and 
when the poles ofihe sun^s axis were directed to the earth, 
the spots would be visible throughout their entire revolu- 
tion, and would describe complete circles. But the spots 
present no such phenomena m their passage across the 
sun, consequently the plane of the suns equator is neither 
perpendicular to nor coincident "with that of the ecliptic. 

253. The paths of the spots however vary when 
viewed from different points of the earth's orbit. At the 
close of November and the beginning of December they 
appear as straight lines. They then gradually assume 
more and more of an oval shape being most curved 

State what would be the form of the fatks of the spots if the eqoator of the sun was 
€oincid»nt with the plane of the ecliptic 1 What if perpendicular ? 
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about the first of March. From this time their, curvaiure 
diminishes^ until the last of May or the first of June, when 
they again appear as straight fines. They pass through 
the same changes for the next six months^ with this d^er- 
ence^ that the curves are now in a direction opposite to that 
which took for the six preceding months. 

254. By observing the changes in the paths of the 
spots with great attention, astronomers have been 
enabled to ascertain the position of the solar equator with 
reference to the plane of the ecliptic^ and the result is that 
the former is inclined to the latter at au angle of about 
seven and a qitarter degrees; as shown in Fig. 49, where 
PEP»Q represents the sun^ PP^ its poks and EQ its 

FIG. 49. 




INCLINATION QF THB BUN^S EQUATOR TO THE ECLIPTIC. 

equator^ which makes with FC, the direction of the jp&me 
(^the ecliptic^ an angle of about T\ degrees. 

255. Physical Nature of the Sun. Various opin- 
ions have been entertained by astronomers respecting 
the constitution of this immense body. La Place consid- 
ered the sun to be 2i, fiery globe oi solid materials^ subject 
to terrible volcanic action ; and that the spots are deep 
cavities^ from whence issue at intervals vast floods of 
burning matter which pour over the surfece of the sun. 

25.6. Sir William Herschel, regards the sun as a dark 

Describe the pathi actuallf pursued by the spots ? How is the inelinetion of the sun*s 
equator to the ^ane of the ecliptic determined 1 How much does this inclination amount 
to 1 ^te La Place*! opinions respecting the constitution of the sun 1 
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solid body, surrounded at a considerable distance by a stra- 
tum of cloudy matter, above which and nearest to us floats 
an intensely hot and luminous atmosphere. Whenever 
these two envelopes the cloudy and the bright, are agi- 
tated by any causes existing in the sun, it frequently 
happens, that they are rent asunder, and we perceive 
through the opening the dark body of the sun. Under 
these circumstances a spot appears. The black portion of 
the sun disclosed, is the nucleus of the spot, and the por- 
tions of the cloudy stratum illumined by the light from 
the luminous canopy form the penumbra. 

257. In Fig. 50, a section of the sun is delineated 



FI6. so. 




Spot 

THE SUN HOW CONSTITUTED. 



as it would appear if Herschel's views are true. In this 
cut the dark circle S, represents the body of the sun, 
the deeply shaded ring CC the cloudy canopy, and the 
outer ring LC, of a lighter shade, the luminous stratum. 
The ruptures in the rings are the places of the spots. 
Looking through any of these openings a portion of the 
dark body of the sun would be seen in the centre, form- 
state Herachel's, and describe figure. 
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ing the nucleus, while the shelving edges of the doudy stra- 
tum would constitute the penumbrcu 

258. The theory of Sir William Herschel, aflfords as 
satis&ctoij an explanation of the phenomena of the sun 
as any that has been advanced. Spots 45,000 and even 
77,000 miles across, close up in six weeks. The edges 

•must therefore approach eacn other with a joint vdodty^ 
varying from one tkotisand to nearly two thousand miles a 
day ; a swiftness of motion which agrees better with the 
idea, that the spots are ruptures in Jivid or gaseous matter, 
than that they are cavities in ajlrm and soUd nmss. 

But a late experiment of a French philosopher has 
now proved, that the brilliant visible surface of the sun 
can not consist of either solid or fluid matter intensely 
heated, but is composed of inflamed gaseous matter; a 
fact which strongly corroborates Hertmers views. We 
will state what this experiment is. 

259. If we look through a polarizing* telescope at any 
soUd or liquid body intensely heated to whiteness it invaria- 
bly presents to the eye two colored images of the body, but 
if we gaze through the savne instrument on burning gaseous 
matter, as a gas-light, we always see on the contrary, two 
colorless images, xfow on viewing the sun directly with 
a polarizing telescope tvx) images of the sun are seen of 
equal brightness and destitute of color. Thus showing that 
the exterior visible surface of the sun neither consists of 
solid nor liquid matter intensely heated, but that it is of a 
gaseous nature. 

260. Temperature at the Sun's surface. In 
gazing then upon the sun, we look not according to 
Herschers theory upon the body itself, but on the canopy 
that envelopes it; and from the latter flows all the light 
and heat that cheer and invigorate the various orbs 
that revolve around this vast luminary. 

261. The temperature at the sun's visible surface is 

1. Tho subjeot of the polarization of light can not here be discussed on 
account of its length. It can be found in any good text book on Natural 
Philosophy. 

Give the reatoM why Herschel'i theory it most Mtisfaetory ? How it the tan'i luHkee 
proved not to coniiat of either solid or liquid matter intensely heated ? From whence 
doea the solar light and beat emanate ? What is said respectmg tho temperature at tho 
sun*s surface 1 
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very grecct^ for the hottest fires that rage in the fiercest 
furnaces but feebly shadow forth the heat that there 
prevails. It can be shown, jBrom reliable calculations, 
that if a given surface, as one square milcj receives at 
the distance of the earth from the sun a given amount of 
heat; that the same extent of surface at the sv/n must be 
three hundred thousand tim>es hotter. Moreover the bright- 
est flame man can produce, as the Drummond light, 
(which is so dazzling that it is painful to look upon,) 
appears as a dark spot upon the sun, when placed between 
the eye and the solar disk, being virtually extinguished 
by the sun's surpassing splendor. 



CHAPTER 11. 

THE MOON. 



262. This beautiful orb is a constant attendant of the 
earth in its circuit about the sun, revolving meanwhile 
in the same direction firom tuest to east around the earth as 
its centre. Her influence upon our globe, is by no means 
unimportant Equal in apparent size to the sun, her 
mild splendor dissipates the shades of night, while her 
attractive power sensibly affects the motions of the earthy 
and sways the tides of the ocean, 

263. Distance. This orb is the nearest torn oi 2il 
celestial bodies, her average distance being about 239,000 
miles. The measurement of this distance is obtained in 
the same way as the distance of the earth from the sun. 
The parallax of the moon is found to be about 57^, tmd 
the length of the earth's radius being known, the calcu- 
lation is made as follows. 

264. Let M Fig. 51, represent the centre of the moon, 
E the surface of the earth, O its centre, OE a radius ; and 
MO and ME, lines drawn from the moon^s centre to the 

How mMC* koUer it a given surface at the »un than at the earth 7 What is said re- 
specting the splendor of the solar light ? What is the subject of Chapter Second 1 What 
is said respecting the motions of the moon, and her influence upon our globe ? What is 
said in regard to her distance from the earth 1 How far is she from the earth 1 How is 
her distance in miles ascertained ? What u the amount of her parallax ? 
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earth's centre and surface ; we thus have a triangle in 
which MEO is a right angle, EMO 57^ and MOE 89^ 

FIG 51. 



|0 




moon's distance measured. 

3^ * We now select a similar triangle ; suppose M*E^O* 
to be such a triangle, and that the side M^O* w one 
mile long, then the trignometrical tables show us that 
0*E* must be stodeen thousand Jive hundred and eighty 
millionlhs of a mile long (016580,) and we establish from 
the sides of the similar triangles the following propor- 
tion; to wit, .016580 (O^E*): 1 (M>0^) : : 3956.2« 
(OE) : 288,613 miles (MO.) The fourth term, found by the 
common rule of three, is the distance of the moon from the 
eariUs centre measured in miles. When all the niceties of 
calculation are introduced into the computation the 
average distance is found to be 238,650 miles. 

265. Diameter in Miles. In the same manner the 
diameter of the moon in miles is ascertained, when we 
have first learned her distance in miles. For if we repre- 
sent the moon^s centre, Fig. 52, by L, and the earth's by 
E, and imagine two lines drawn from the centre of the 
earth ; the one to the moon's surface at S, and the other 
to fter centre, these lines will form with the moon's 
radium LS a right angled triangle; whereof ESL is the 
right angle, SEL the apparent semi-diameter of the moon, 
equal to 15^ 40^^' and LE the moon^s distance from the 



1. The sum of the angles MEO and EMO subtracted from 1800 gives 
a remainder of 89© 3' ; i.e. the value of MOE. 

2. The mean length of the radius of the earth is 3956.2 miles. 

^. The mean apparent diameter of the moon according to Hind is 31"^ 20^'^. 

Explain from thecal how the distance is^ calculated? What is the exact distance 1 
Show how the diameter of the moon tn mUes is ascertained 1 
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earth ; all hrwwn qvuintities. Selectingtlien a simiUir tri- 
angle; viz., L*S*E*,and regarding L*E^ as one mt% long^ 
we find that according to the table the length of L^S^ is 
four hundred and fftysix hundred thousandUhs of a mile 
(00456ths.) We then make this proportion; to wit, 
(L*E^)1: (S^L^) .00456: : (LE) 238,613: 1088. ffalf 
the cUameter of the moon therefore measures 1088 mt&», and 
the entire diameter is 2176 miles, which is nearly its true 
length. 

When the calculation is carried out with the greatest 
exactness, and every refined correction made, the moon's 
diameter according to Prof. Madler is found to be 2,160 
miles long ; an extent a little greater than one fourth of 
the eariUs diarryeter. The rdakve sizes of the earth and 



no. 53. 




RELATIVB IIZES OF THE MOON AND EARTH. 

moon are shown in Fig. 53, where E represents the earih 
and M the moon. 

What it the extent of the dmmeCer ? 
13 
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MOON'S PHASES. 



266. The moon has no light of her own, but shines by 
the reflected light of the sun, the hemisphere presented to 
the sun being iUummed with his rays while that which 
is turned from him is shrouded in darkness. The relative 
positions of the sun, moon^ and earth are not always the 
same, and hence arise those periodical fluctuations m the 
lunar light which are termed the phases^ of the moon. 

FEOM NEW MOON TO THE PIItST QUARTER. 

267. At new moon the centres of the sun, moon, and 
earth, are situated in nearly the same straight line, the 
moon being in the middle, at which time she is said to 
be in conjunction. In this position the unerdiahtened part 
of the moon is turned towards the earth, and the orb is 
lost to our view. In a short time it advances so far to 
the east of the sun as to become visible in the v)est soon 
after his setting. Its bright portion then appears of a 
crescent form, on that side of the disk which is nearest to 
the sun, while the remaining dark part of the disk is just 
discerned, being faintly illumined by the earth-light* 
In this position the convex part of the moon's crescent is 
towards the sun, and the line which s&^rates the illumined 
from the unillumined part, callea the terminator, is 
concave. 

268. Each succeeding night the moon is found farther 
eastward of the sun, and the bright crescent occupies 
more and more of her disk, the terminator gradually 

growing less curved, until when the moon is 90° distant 
om the sun, half the disk is illuminated and the termi- 
nawr becomes a straight line ; the moon is then in her 

1. Pka$e9 from the Greek word phoiiM, meaoing an appearance. 

2. Earth-light. Some of the light which falls upon the earth from the 
son is reflected to the moon, and a portion of this is reflected back again 
from the moon^9 ntrface to the earth. This is ihe earth-light. The 
amouit thus reflected from the lunar surfoce must necessarily be very small, 
but it is sufficient to enable as faintly to discern the outlines of the moon. 

Does the mooo shine bjr her own light ? What ii the mwm or the periodical flnetoa- 
tiom in the lunar light f What name i*^ given to theae JLuetuation$ 1 Daeeribe the 
phaaet of the moon from new mooo to the first quarter 1 
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FIRST QUARTER. The extremities of the mo6n*s crescent 
are called cusps,^ and from the time of new moon to the 
first quarter the moon is said to be homed. 

PROtf THE FIB^ QUARTER 10 FULL MOON. 

269. As the moon advances beyond her first quarter^ 
the terminator becomes concave toward the sun and more 
than half the lunar disk is illuminated, when the moon is 
said to be gibbous.* At lenglii in her easterly progress, 
she reaches her second quarter^ and the sun^ earthy and 
moon are again in nearly the same straight line; the 
earth however being in the middle. The moon is now in 
opposition^ 180° from the sun, rising in the east at about 
sunset; and as her tohole enlightened disk is turned 
toward the earthy she is now at the FULL. 

FROK FULL KOON TO THE THIRD QUARTER 

270. After opposition the enlighted part of the moon 
again becomes gibbous as she returns toward the sun ; and 
she rises later and later every night. When she has 
arrived within 90° of the sun, she is then in her 
THIRD QUARTER, the terminator is once more a straight 
line, and the bright portion of the orb again ^Zfe up one 
half of the disk, 

FROM THIRD QUARTER TO NEW Moon 

271. After passing her third (quarter the moon resumes 
her crescent shape, rising early in the morning before the 
sun. As her time of rising approaches nearer and 
nearer to that of the sun, the glittenng crescent contracts 
in breadth, until at length the moon arriving agairf at 
CONJUNCTION its light entirely disappears. The positions 
of the moon where she is midway between any two ad- 
jacent quarters are termed her octants.^ 

1. Cunty from the Latin word cutma, meaning the point of a spear. 
3. Oibbou9 from the Latin word gibhut, meaning $welUd out. 
3. Octant J derived from the Latin word octo, eight ; an octant being 
distant from its adjacent quarters j one eight part of the moon's orbit, or 450. 

From the Pint Quarter to the Full 1 From the Full to the Third auarter 1 From the 
Third Quarter to New Moon ? What are the octants ? * 
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earth. TT»eaV*f 1^2,8, 4,5, <l7a»dislio^Ae|»2Ms 
of the mjw im ^»«^ <»**^- ** <»^»rti» «^Vi tfe lirK 
iKfaf*/ i%i the /rrf ytitfftcr «;• Ae jaowirf octeif (t) aH 
m^Mitkm ih,) the &i>^ odoMdi^)^ AM fMifer u,) 

oieks 1-/2S 3% ^\ ^\ «"^ 7" »d 8\ "hihit liie>b«» 
of the mooB in afl the prtxxda^ f mi^ a m^ Tlniswliai 
the mooo is at ihc/rrf«i(»rf (2,| the jAaatamrofamdmg 
to th» plaoe is displayed m Gmcfe 2\ that cf the Jirrf 
Maf*r^)mciicle3'; and aoof aS theother positioQa. 
f72. The points in the moon^s oihit where she is in 
cgmmmdim and ^pmrnUim are caDed the 9fiypa\ and 
d^osTwheie ahe M 90» fi«n the son the ^uoi^. 
ftrrsK.* F%. 55, eadiibits the appearanee preaented bj 
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FIG. 55. 
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moon's quadratore. 
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This subject is further illustrated by Fig. 54, where 
S8, SI, and all lines parallel to these indicate the direc- 
tion in which the sunbeams come, and E represents the 



FIG. 54. 




moon's riiAsss. 



earth. The circles 1, 2, 3, 4, 5, 6, 7 and 8, show the plstoes 
of the moon in her orbit ; at conjunction (1,) the first 
octant (2,) the first quarter (3,) the second octant (4,) at 
opposMcm (5,) the third octant (6,) the third quarter (7,) 
and at ikefimrth octant (8 ;) while the white portions of the 
circles IS 2\ 3*, 4*, 6\ 6\ T and 8*, exhibit the phases 
of the moon in all the preceding positions, Thlis when 
the moon is at the first octant (2,) the pfiase corresponding 
to this place is displayed in circle 2*, that of the first 
quarter (3,) in circle 3^ ; and so of all the other positions. 
272. The points in the moon's orbit where she is in 
conjunction and opj^osition are called the syzygies^^ and 
those where she is 90° from the sun the quadra- 
tures J^ Fig. 55, exhibits the appearance presented by 

1* SyxygieM^ derived from the Greek wonla, ^n, with and ^ttigtrn^ ft 
yoke, i.t?. a yoking or Joining ttigetket. 

2. Quadratures^ derived itoin the Latin word quadram^ mesmiig a 
quarttr. 
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moon's quadrature. 
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MOON'S QUADRATURE. 
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the moon in quadrature when seen magnified through a 
telescope. 

273. What the Phases Prove. The phmes of the 
moon clearly prove that this body possesses a spherical 
figure^ and is illumined by the sun ; for it is only a sphe- 
rical hody^ which viewed in the positions we have men- 
tioned can exhibit the phases that the moon has displaved 
through all past time. This point may be illustrated in 
the following manner. If in the evening we place a 
lamp upon a table, and, taking our stand at a distance, 
cause a person to carry around us a small globe, we 
shall perceive that the illumined part of the globe^ in its 
circuit around us, presents to view all the phases of the 
moon. Being crescent shaped when the globe is nearly 
between us and the lamp ; in its first quarter when the lines 
drawn to it from the eye and the lamp make a right 
angle ; and at the full, when it is opposite to the lamp : 
and so on throughout the entire circuit. 

274. Sidereal Month. Upon observing the moon 
from night to night, we perceive that she has a motion 
among Uie fixed stars ; for if on any particular evening 
she is beheld near a star, on the next succeeding clear 
evening, she will be seen^r to the east of this star. And 
thus the moon continues to advance from west to east 
until, in the space of 27 days 7h. 43m. ll^sec., she makes 
one entire revoliUion, occupying the same position among 
the stars as she did at the commencement of this inter- 
val. For this reason the period of time j ust mentioned is 
denominated a sidereal month, 

275. Synodical or Lunar Month. The time that 
elapses between two consecutive full moons or new moons, is 
termed a synodical^ month, and consists of 29 days 12h. 
44m. 3sec. K the earth was stationary while the moon 
revolved around it, the length of the synodical month 
would exactly equal that of the sidereal, for the moon in 
passing from conjunction, would then be brought round 

1. Synodical. Derived from two Greek words tUn, with or together 
with,anAodo9 A journey. In union signifying a coming together. 

What do the phaA prove ? It tb« moon ttfttionart.or in motion ? How is sbo proved 
to be in motion i In what direction does she move 1 How lonf it she in eompletinf a 
revolution from west to east 1 What is this period termed, and why 1 What is meant 1^ 
a Mfnoiical or lunar ment* f What is iu lenf tli 1 
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to conjunction again at the completion of one revoluticn. But 
as it IS, while tne moon is revolving around the earthy the 
earik is at the same tim& revolving about the sun in the 
same direction ; and the moon in passing from one con- 
junction to the next, must necessarily describe more 
than one complete revolution. And the same remark is 
likewise true in respect to any two consecutive phases^ as 
for instance from the ^irrf quarter to the neoU third quar- 
ter. In fact in passing from conjukction to conjunc- 
tion, the moon descnbes not simply 860° or one entire 
circumference, but about 389* 6', or nearly one circum/er- 
ence and a twelfih ; and the time which she occupies in 
going through 389* 6^, is a synodicai month, or 29 days 
12 hours 44 minutes and 3 seconds. 

276. This subject may be illustrated, as were the 
lengths of the solar and sidereal days (Art lHj) by the 
movements of a watch. Let us calf the centre oi the dial 
plate the sun, the end of the minute hand the moon, the 
end of the hour hand the earth, and the 12 <f clock mark a 
jvxed star. At twelve (fdoch the ends of the hands and 
the centre of the dial are in a straight line, or all together; 
the end of the hxmr hand (the earth,) is now between the 
end of the minute hand (the moon) and the centre of the 
diar(the sun,) and the imaginary moon is in opposition. 
An hour afterward the end of the minvie hand (the moon,) 
is again at the 12 o'clock mark which represents the 
fioced star, and has made one complete circuit, which we 
can call a sidereal monA. But it is not in opposition for 
the end of the hour hand which represents the earth is 
in advance, and the opposition will not take place until 
the minuh hand overtakes the hour hand, when the centre 
of the dial and the ends of the pointers will be again in 
the sams straight line; and this event occurs at 5m. 
27y\sec. past one o'clock. One hour in this illustration, 
therefore, represents a sidereal month, and one hour five 
minutes and twenty-seven three elevenths seconds a synodicai 
month. 

Why loim tbaa a sidereal month ? How many degteee doei the moon past through 

in the period of a lynodical month? Illiutrate thii lubject by the movements of 

a watch 1 What length of time in this iUmtration reprewnU a sidereal, what a 
sjfnodieal mmUk t 
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PHTSIOAI ASPECTS 01 THE MOON. 



277. When the moon isfuU we perceive, even with the 
naked eye, that Aer disk is not uniformly bright^ but that 
marked cdtemcUions of Kght and shade extend over the en- 
tire surface. By the aid of the telescope these peculiari- 
ties are more distinctly develoj)ed, and chains and ranges 
of mountains are discerned, which the early astronomers 
regarded as seas. These tractSy however, are most proba- 
bly broad plains and precipitous valleys j for there is strong 
evidence that but little moisture exists in the moon, and 
close observation moreover shows, that these regions are 
too rugged to be sheets of water* 

278. Dr. Dick remarks, " I have inspected these spots 
hundreds of times, and in every instance genik elevations 
and depressions were seen, similar to the wavings and 
inequalities which are perceived upon a plain or country 
generally level." The smface of a sea or ocean would 
present no such appearances. 

279. The proof that the surfece of the moon is very 
uneven, rising into hfty mountains, and sinking into deep 
vaileySy is quite conclusive. In the first place the termu 
nator, whicm it will be recollected is the line that sepa- 
rates the illumined part of the disk from the uniUumined, 
and is in fact the profile of the moofris surface^ is not a regu- 
lar unbroken line. Such it would be if the surface of the 
moon was smooth, but it is rov^h and jagged, as seen in 
Fig. 55 ; thus revealing the existence o{ jyrominences and 
depressn^ofns in the lunar svaface. 

280. Moreover, near the terminator long shadows fall 
opposite to the sun wilhin tike illumined regions ; a fact 
which can only be accounted for by the uprising of moun- 
tains which intercept the rays of this luminary ; just as 
on the earth lofty peaks and pinnacles cast extended 
shadows Sit the rising and setting of the sun. 

281. When the moon is increasing, it is sun rise at 

When tbe moon it full, what appemranoei doM li«r disk prewnt to the naked cyot 
What when leen throufh a telescope 1 What views were entertained by the early astron- 
omers 1 Are these tracts, «e«r or moantainsi What does Dr. Diek observe 1 Would 
the surface of a sea present the aspects noticed by Dr. Diek ? What facts are stated ia 
Arts. 879 and 880, that vreve the surfiwe of the moon to be roogh, risiof into mountains 
and sinking into valleys 1 . 
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those parts of the illumined region which lie near the 
terminator ; and as the terminator advances beyond the 
mountains here situated, and the sun rises higher and 
higher, the shadows of these mountsdns gradually shorten. 
In the same manner as the mountains of the €^h pro* 
ject long shadows at sunrise which rapidly contract as 
the sun ascends the heavens. 

282. At Jull moon no shadows are seen, for the light 
from the sun falls vertically upon the lunar mountains* 
If the moon is waning the shadow of any mountain is 
observed to lengthen by degrees as it approaches the ter- 
minator; being the longest when this boundary is reached. 
When the mountain arrives at the terminator it is there 
sunset. The shadows of our own mountains undergo 
the same changes as the day declines. 

283. Lastly, beyond the termina^toTj within the unenlight' 
ened parts, bright spots or islands of light are seen (Fig. 65,) 
which mitst be the tops of mountains. For since the light 
of these spots is that of ^ sun reflected from the moon^s 
surfoux, these luminous points catch the solar rays only 
on account of their being more elevated than the contiguous 
regions, that are veiled in obscurity ; and the farther these 
spots are from the terminator, the higher must the moun- 
tains be. 

284. If the moon is increasing, it is sunrise on these 
summits while the dawn prevails below ; but if decreas- 
ing it is sunset, while twihght reigns at their base. In 
the same manner, the peaks of the Alps glow with the 
first rays of the sun, and around them play the last lin- 
gering beams of his rosy light 

285. Lunar Mountains. The mountainous regions 
of the moon present a greater diversity of arrangement 
than those of the earth. Eugged and precipitous ranges 
are seen, as on our globe, traversing the lunar surface in 
all directions ; but me moon possesses besides a peculiar 
mountain formation, termed ring maintains, which are 
detected in every part of her visible surface. 

Wliat it Mid FMpeetiof th* lUdowi when the motm i$ inereasing 7 What of them 
rhea the moon is fnU 7 — — " — 



when the moon is fuU 7 What when waning 7 What fact is adduced In Art. 283, 

which shows that the surface is raned 1 When is it »nnri»e on these sumi ' ^ -^ — 

mwtet 7 What is said respecti^f ^ moootainoaa rag ions of the moon 1 
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A wide plain, and often a deep cavern or cra^^^ is 
beheld encircled by a chain of mountains like a riv/g. 
These latter in many instances rise to a great altitude ; 
and frequently from the middle, of the enclosed plain a 
lofty insulated peak shoots far up into the sky. 

286. Impossible as it may appear, the heights of many 
of the lunar mountains have oeen calculated, and we 
shall now proceed to show one of the ways in which 
the calculations are made. 

287. Height Measured. In Fig. 56, let S represent 

FIG. 5«. 




the position of the sun^ E that of the earUi^ and M the moon 
in l[itr first quarter, the hemisphere OD which is turned to 
the sun being enlightened, and the other OP being dark. 
CL is a lunar mountain, the top of which is illumined by 
the light of the sun, coming in the direction of the ray 
SOL; and this mountain top consequently appears to 
a spectator at E, as a hright spot, surrounded by the 
dartness of the unenlightened hemisphere. 

288. When the moon is in quadrature, as in the figure, 

1. Crater, Derived from the Greek word Arra/er, which signifies a 6010/. 

Have the heifhti of the lunar monntains been measured 1 Explain one of the methods 
employad for estimating the heights 1 
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the line EOM, drawn from E to the centre of the modn, 
makes a right angle with the stm-ray SOL, which touches 
the terminator at O, and strikes the top of the mountain 
at L. 

289. Now an observer at E, sees the top of the moun- 
tain in the direction of the line EL, and with the proper 
instrument he can easily ascertain the magnitude of the 
angl« LEO ; which is the angular distance betioeen the 
summit of the mountain and the termmator. Having 
obtained this value, and knowing the apparent diameter 
of the moon, and its length in miles; the height of the 
mountain (CL) can be ascertained by means of a property 
of the right angled triangle LOM; viz., that m every 
right angled triangle the square of the hypothenuse^ is equal 
to the sum of ffie squares of the other two sides. 

290. The calculation is made as follows. Let us sup- 
pose that the angle LEO is equal to one tweljVh part of 
the apparent diameter of the moon (81^ 20^^ 'S then will 
the line LO be very nearly equal to one tweifSh part of 
the moon's diameter measured in miles ; viz., 90 miles. 
Now the square of LM equals the square of LO 
(90 X 90,) added to the square of OM (1080 x 1080 ;) that 
is to 1,174,500. The square root of this quantity, or 
1083.74 is therefore, the length of the line LM in miles. 
LM is then 1083.74 miles long ; but it consists of two 
parts^ to wit, the height of the mountain LO, and the ra- 
dius of the moon CM. Now the length of the latter is 
1080 miles, subtracting then 1080 miles (CM) from 
1083.74 miles (ML,) the remainder 3.74 miles (LO,) is 
the height of the mountain ; nearly three miles and three 
quarters. 

291. It is not necessary that the moon should be in 
quadrature in order to determine, by this method, the 
height of the lunar mountains, but this phase has been 
selected because the calculations are shorter and less in- 
tricate, than when the moon is in other positions in her 
orbit. 

A distinguished German astronomer, Schroeter, has 

1. The hypotheniiM of a triangle is the side oppoHte the right angle. 
Show bow Um ealenlation it rondel 
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pilrsued a different metliod from the <nie just giyeo. He 
estimated the altitudes of the moon's mountuns, by the 
length (^the shadows cast upon its surface, 

292. Names and Heights of the Lunar Moun- 
tains. The method now universally adopted, by the 
most distinguished astronomeiB, to designate remarkable 
r^ons in the moon, is to assign to these localities the 
names of men renowned for their attainments in science 
and literature ; as for instance, Kewton, Tycho, Kepler^ 
Herachel. 

293. The surface of the moon is more rugged than that 
of the earth ; £:>r though the former is much smaller 
than the latter, yet its mountains nearly equal in altitude 
the highest of our own. 

294. Pro£ Madl^ of Prussia, who has studied the 
physical condition of the moon with more success than 
any living astronomer, has constructed, in connection 
with Prof. Beer, another Prussian astronomer of high 
reputation, large limar maps; in which the most re- 
markable spots and regions of the moon are laid down 
with great exactness. Their magnitudes have also been 
ascertained, and their forms delineated with the utmost 
precision. 

295. The heights of no less than 1095 lunar mountains 
have been determined by these astronomers, and out of 
iwenig measured by M&dler, three tower to an altitude of 
more than 20,000 feet, while the rest exceed the height 
of 16,000 feet, or about three miles. The names of a few 
of the loftiest mountains are as follows : 

Feet Feet 

Newton, 28,800 Casatus, 20,800 
Curtius, 22,200 Posidonius, 19,800. 

296. The highest lunar mountain, as we perceive, 
reaches an altitude of nearly 24,000 feet, or about four 
miles and a half ; which is neSrly the height of the lofti* 
est mountains of our globe. If our mountains were as 

How did Schroeter estimate the beigfati of the lunar moontaiiM 1 What method haa 
been adopted in older to detignate the remarkable ref ioni in the noon 1 What is said 
respeetinr the surface of the moon? State what has been done by ProPs. Midler and 
Beer 1 How many lunar heights hare been determined by these astronomers ? What is 
said respecting the heights of twenty, measured by MSdler 1 Give the names and idtitudei 
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mach MgHer than the lunar mountaina as the earth is 
larger than the moon, the Himmalehs and Andes would 
Boat to altitude of 16^ miles, above the level of the 
ocean. 

297. LuNAB Craters. The moon is not only dis- 
tinguished for lofty mountains, but also, as we have 
stated, for singularly formed cavities and craters which 
are depressed far below the general surface. They are 
of vanous sizes, and are scattered all over the disk of the 
moon ; being however most numerous in the southwest- 
em part. In form they are nearly all circular, and are 
shaped like a howl / and from the level bottom of most 
of the larger a conical hill usually rises at the centre. 

298. Oi^n times the circular malls of these craters are 
entirely behw the general surfece of the moon, but they 
are visually elevated aomewhat above the surface, forming 
a ring mouniain; whose height on the oiUside is frequently 
not more than one-third or one-half of its altitude on 
the inside ; measuring from the hoUom of the cra^ to 
the top of the mountain. 

Twelve craters according to Schroeter are more than 
tyx) miles deep, and to some of these a depth of over four 
miles is assigned by the same observer. 

299. That these appearances, which are regarded as 
cavities are such in reality, is evident from the fact, that 
the side nearest the sun is in shadow, while the side most re- 
mote is illumined by his beams. Just as the eastern side 
of a well is in shadow in the morning, when the sun 
shines, while the western side at the top is bright with 
the solar rays. 

800. One of the finest instances of a ring mountain 
with its enclosed crater is the spot called Tycho. The 
breadth of the crater is nearly Jijiy miles, the height of 
the mountain on the inside is about 17,000 feet, and on 
the outside it is not less than 12,000 ; the bottom of the 
crater, is therefore 5,000 feet below the general sur&ce 
of the moon. 

If tb* mottnUiiw of oiur glob« were as much hifber than the )un«r mountaint ai the 
earth ii larger than the moon, how high would the Andes and Himroafohs soar 1 What is 
said respectinf the lunar craters 1 Of their sices and forms 1 What is said in regard to 
the circular walls of these craters 1 How deep an these craters according to Schroeter. 
State the prooft that those spots are really earities. Describe Tycho 1 

14 
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From the cenk^ of the enclosed area a beautiftil moun- 
tain rises to the height of almost one mile. 

301. By the aid of a powerful telescope, Tycho is 
seen as it is delineated in Fig. 57. The ranges of the 



FIG. OT. 




v^^?..^W" 



A UNO MOUNTAIN WITH IT! CRATER, (TTCUO.) 



ring mountain are here beheld on the right hand of 
the ii^re, with their summits bathed in light, while 
their sides opposite to the sun, rest in the deepest shade. 
On the left nand, nearest to the sun, the solar rays, 
istreaming over the encircling mountain walls of the 
crater, leave half of it in darkness ; the heavy shadow 
of the central mountain projecting far into the illumined 
portion. 

802. Many of the craters are of great dimensions, the 
largest being nearly 160 miles in disuneter. The diamc* 

ExpUiD Um cat. What ii wid napaetinf tb* uMfoitud* of thcM emt«n ? 
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ters of the six broadest as inferred from the observations 
of Prof. Madler, are as follows: 

Miles. Mtki. Miles. 

149 143 127 

116 113 96 

And of 148 craters whose diameters were measured by 
the same astronomer : 

between 1 and 2 miles wide 
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And 86 were above 10 miles across. 

803. LuNAB YoLCANOES. The existence of active 
volcanoes has been announced more than once bj as- 
tronomers. In 1787, Sir William Herschel, gave notice 
to the world that he had observed three lunar volcanoes in 
actual operation, two of which were either just ready to 
break out, or were nearlv extinct ; while the third was 
in a state of eruption. The burning part of the latter was 
estimated to be three miles in extent, while the adjacent 
re^ons were illumined with the glare of its fires. Since 
this period the attention of many astronomers has been 
directed to this subject, and their investigations have led 
to the conclusion that the remarkable appearances, which 
were regarded as indicating the existence of volcanoes, 
can be satisfactorily attributed to other causes, and the 
opinion is now prevalent among astronomers, that active 
lunar volcanoes do not now exist 

804. The aspects of the moon however, indicate that 
it has been the theatre of intense volcanic action, and the 
ring mountains or craters strikingly reveal this fact. ** In 
some of the principal craters," says Sir John Herschel, 

Gire the diameters of the #tx briMulett, aceordin/^ to M&dler's measurements 1 State 
what is said of the diameters of 148 craters measured by the same astronomer 1 What 
was the belief of Sir William Herschel in respect to the existence of active lunar Tolca- 
noes 1 Have these remarkable appearances been regarded as active volcanoes by later 
astronomws 1 What is now the prevalent opinion among astronomers 1 Are there any 
indication! io the aspects of the moon that active volcanoes once exited 1 
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'^ decisive marks of volcanic stratification, arising firom 
successive deposits of ejected matter, and evident indi- 
cations of lava currents streaming outward in all direc- 
tions, mav be clearly traced with powerful telescopes. 
In Lord Kosse's magnificent reflector, the flat bottom of 
the crater, called Albategnius, is seen strewed with 
blocks, while the exterior of another is all marked over 
with deep gullies radiating toward its centre." 

305. Lunar Atmosphere. On this subject the opin- 
ions of astronomers have been much divided. Many 
have maintained its existence, while others have deniea 
it altogether. Schroeter, the eminent German astron- 
omer, before mentioned, who observed the moon with 
great care, and under the most favorable circumstances, 
detected a faint light like that of twilight, extending a 
short distance from the horns of the moon over her 
dark portions, which are turned away from the sun. 
This he attributed to the presence of an atmosphere rising 
about a mile in height from the surface of the moon. 
Certain appearances have likewise been observed during 
eclipses of the sun, when the moon passes between that 
body and the earth, which are regarded by some as in- 
dicating the existence of an atmosphere. If there is an 
atmosphere it must necessarily be extremely aUemiaied^ 
otherwise it would have given rise to phenomena which 
must have established, ere this time, the fact of its exis- 
tence, beyond dispute. In the opinion of Prof. Madler, 
who has studied the moon with the greatest assiduity 
and care, this orb possesses a thin atmospheric envelope 
of variable extent, and astronomers are now generally 
disposed to admit, that a lunar atmosphere exists; but so 
rare^ that if it is constituted like that of the earth it is 
nearly two thousand times lighter. The pressure of our 
atmosphere is counterpoised by a column of mercury 
30 inches high ; but the pressure of the hmar atmos- 
phere would be sustainea by a column of mercury 
about -^ikpart of an inch in altitude, and would be less 

Stftta the remarks of Sir John Hertchel ? What are the views of astronomers respect- 
ing the existence of a lunar atmosphere 1 What did Schroeter detect 1 What other ap- 
pearances have also been observed 1 If an atmosphere exists is it ien$6 or rav t W^y 
rarel What is the opinion of Prof. Miidler, and other astronomers on this subject? 
What must be the density of the lunar atmosphere compared with the density of our own 1 
How high a column of mercury would supped it 1 
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dense that the air remaining in a receiver^ after exhaustion 
.by an air pump of the best construction. 

a06. W henever the moon is seen in an unclouded sky 
her brightness is always the same, neither speck nor vapor 
dimming the mild effulgence of her orb. No clouds 
therefore exist in the moon, for a change in its bright- 
ness would be detected by us, if masses of vapor swept 
at times between us and her surface : a perpetual seren- 
ity reigns throughout the lunar atmosphere. From this 
circumstance it is inferred that the moon is destitute of 
water; for if rivers intersected her plains, and lakes and 
seas spread over her sur&ce, evaporcttion would ensue, and 
clouds would form and float in the lunar atmosphere. 
Indeed, the extreme rarity of the moon's atmosphere 
precludes the supposition of the existence of water. The 
waters of our globe are kept fix)m wasting away through 
evaporation by the pressure of our heavy atmosphere ; 
but the lunar atmosphere exerts so slight a pressure, 
that the waters unon the surface of the moon, if they 
ever existed, would have speedily been converted into 
vapor. And i^ as some astronomers imagine, the vapors 
had been removed by some extraneous causes, the moon 
would ever after possess the characteristics which she 
now has ; namely, a dry and steril sail and a bright and 
doudkss atmosphere. 

307. Bulk — ^Mass — ^Densttt. The 6wH: of the moon 
is equal to ^V*^ P^^ ^^ the bulk of the earth, and her 
mass or quantity of Tnatter is equal to jV^h part of that 
contained in our globe. The moon's density is a little 
more than one-half of the density of the earth. 

MOON'S OEBIT. 

308. By measuring the diameter of the moon from 
day to day, astronomers have discovered that the appor 
rent size of the lunar disk is subject to variations ; the 

What ilhutration is given to show its •xtreme rarity) What is said refardiogth« 
brightness of the moon T Are ekmds found in the moon 1 What is inferred from their 
ahsenee 1 Whr 1 Why is the rarity of the lunar atmosphere incompatible with the exis- 
tence of water t If it onoe existed what would have bec^Hne of it? If the vapors had 
been removed, what result would have followed 1 What is the hulk of the moon com- 
pared with that of the earth 1 Her vuu§ 1 Her dtnsity f Wtut is said respecting the 
uf^rtmt «izi of the moon I 
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greatest apparent diameter of the moon being 83^ 32'''', 
and the least 28^ 48^^ These changes are evidently, 
due to the circumstance that the moon is nearer to the 
,earth at one time than another ; the apparent diameter 
being inversely a>s the distance, (Art 177.) 

309. Its Figube determined. Taking then the 
daily angular velocities of the moon in her orbit, and her 
daily variations in apparent size^ we can determine the 
figure of her orbit in the same way as we ascertained 
that of the earth, (Art 178.) By mapping down the 
diflfering lengths of the radius vectors and their angular 
distances from each other, we find the orbit of the moon 
to be an ellipse, with the earth in one of the focL The 
orbit of the moon deviates more from a circle than that 
of the earth. 

310. The changes in the moon's apparent size prove, 
that when she is nearest to the earth, or at her perigee, 
her distance may be as small as 225,560 miles ; while 
at her most remote point from the earth, or her apogee, 
her distance mav increase to 261,700 miles. So that 
the variation in the moon's distance from us amounts to 
26,000 miles ; an extent of space exceeding the circum- 
ference of the earth. 

311. The same results are obtained from the changes 
that take place in the horizontal parallax of the moon, 
these changes being also inversely as the distances, (Art 
95.) The greatest horizontal parallax, according to Biot, 
is 61^ 29^^ and the fea5^53^ 61^^, while the mean parallax 
is 57^ 4:''. 

312. Plane OP the Moon's Orbit— Its Inclination. 
The plane of the moon's orbit, is inclined to that of the 
earth s (the ecliptic) at an angle of about 5° 8^ This in- 
clination is not always the same, being sometimes greater 
and sometimes smaller than this quantity. The varia- 
tion is however trifling, never*exceeding 23^^ 

What is t)M ^eateat apparent diameter 1 What is the least t Explain the cause of 
hcuM variations 1 How is the figure of the moon's orbit determined 1 What is its fi^re 1 
How does it compare with the orbit of the earth in respect to its ellytticitf f What is the 
distance of the oHwn from the earth at her perigee, as proved by the changes in her apparent 
size ? What at her apogee f How much does the variaUon in distance amount to 1 In 
what other way are these results obtained 1 What is tlie greatest koritoutal parallax of 
the moon, according to Biot 1 What the least f What the mean 1 What is the inelina- 
titm of the plane of the moan,*$ orbit to that of the ecliptic f^U this inclination always 
the samel What is the extent of the variation ? 
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818. The Line op the Nodes. The moon in mak- 
ing one revolution about the earth comes twice into the 
plane of the earth's orbit. These two positiansj when the 
centre of the moon is at the same time in the plane of 
the ecliptic, and in that of her own orbit, are called the 
moon's NODES.' A line joining these two points, is in 
both these planes, and is termed the line of the nodes. In 
Fig. 58, EO, represents a part of the plane of the earMs 
orbit, MM the moorCs orbit, A and B the rnxxyrHs nodes, 
and AB the line of the nodes. 

FIG. 58. 




UNC or THC NODE!. 



814. The centre of the moon, at each revolution about 
the earth, meets the ecliptic in a different place from that 
in which it met it at the preceding revolution. Thus if 
on the 16th day of June, the node was at A, Fig. 58, at 
the end of the next revolution the centre of the moon 
would l)e in the plane of. the ecliptic, to the west of its 
former place, and the node would be at A*. In the suc- 
ceeding revolution it would be at A*, and so on. In 
like manner the other node would shift along firom B to 
B', B*, &c., and the line of the nodes would take the succes- 
sive positions AB, A*B', A*B*, and so on. The line of 
the nodes thus appears to revolve from east to west, and 
this phenomenon is called the retrogression or going back 
of the nodes ; because they shift in a direction contrary 
to that in which the heavenly bodies generally move. 

1. From the Latin word noduM, meaning a knot, a connection. 

Wh«t is meant br the moon's nodos V What by the line of the nodes 1 Explain th« 
flpira. An the nodes fixed in space 1 Explain ftom fifuie In what direction does the 
line of the nodes appear to rerolve 1 What is this phenomenon termed 1 
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815. The line of the nodes retrogrades about 8^ 10^' 
da%, and in the course of 18 years 218d. 21h. 22m. 
468ee., it makes the entire circuit of the ecliptic ; so that, 
at the termination of this period of time, it occupies 
exactly the same position in space as it did at the 
beginning. 

316. Line of the Apsides. If, when the moon is at 
her perigee and apogee^ we were to measure the angular 
distances of these points from either of the moon's nodes^ 
and continue to do so for several successive revohUionSy 
we should find that these distances constantly varied. 
The places of the perigee and apogee shifting along the 
lunar orbit from west to east, ana the imaginary line 
joining these two points, called the line c^ the apsides, 
necessarily revolving in the same direction. 

317. This motion is so rapid that the line of the apsi- 
des completes an entire revolution in 8 years 310d. 13h. 
4:8m. 53sec., so that the perigee occupies the place in the 
lunar orbit that the apogee did about 4 years 155 dajrs 
before; and returns to the place in the lunar oroit 
whence it started, at the end of the longer period just 
mentioned. 

818. The motion of the line of the nodes, and that of the 
line of the apsides may be illustrated as follows : Let us 
first take a round bowl, Fig. 59, and fill it willi water to 
the brim, and in the next place an elliptical ring ABC, 
which we place in the bowl, inclined to the sur&ce of 
the water at an angle of about 5°. This ring may rep- 
resent the mooris orbit, A her perigee, the smface of the 
water the pUme of the ecliptic, and E, F the intersecting 
points of the orbit of the moon with the ecliptic, namely 
the nodes ; £DF is the line of the nodes, and ADB ^e 
line of the apsides. Now if we make the ring to revdve . 
on its centre D in the direction ^rom A towards E, always 
preserving the same inclination to the surface of the 
water ; while at the same time it is made to slide round 
on the edge of the bowl in die contrary direction EGF, at 

What ii th* iailp am»umi of fttrwradftkkm 1 la what period does th« lino of tba nodo 



make a complete revolution 1 Are the mooa*i ptruF— and apogu tttUionary as icspeeti 
her nodu 1 In what direction do they move ? What ii the line of the apsides, and how 
does it move 1 In what period would this line make a complete eireultl Esplaio by tb« 
aid of FifiireM, themotum of the line of the aodee and of the apudei. 
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IfOTlONV or THE NODE! XND 4ffl[I»Et» 

about hair the rate at whicli it revolves on its centre, we 
can roughlj represent both the motion of the line of the 
nodes^ and that of the line of the apsides. For it is evi- 
dent; Jirst.^ that the supposed line of the nodes EDF, 
would revolve in the imaginary plane of the ecliptic, 
crossing it in all directions ; and secondly, that the line 
of the apsides ADB would also revolve in any opposite 
direction in the plane of the lunar orbit, cutting the line 
of the nodes at all angles, being at one time perpendicu- 
lar to it, and at another coinc^ent with it All which 
motions and changes in position, are in accordance with 
the lunar phenomena just described. 

819. Increased apparent size of the Moon when 
IN THE Zenith. When the moon is in the zenith she is 
nearer to us than when upon the horizon. 

This fact is evident from the inspection of Fig. 60, 
where HOZD, is a portion of the orbit of the moon, M 
her position in the zenith to a spectator on the earth at 
P, and M' her position on the horizon; the line HH* 
being in the plane of the horizon. 

Now calling E the centre of the earth, EM, the dis- 
tance of the moon when in the zenith, is equal to EM*, 
her distance from the centre of the earth when on the 
horizon ; and EM* is very nearly equal* to PM*, which 
is the distance of the moon on the horizon from a spec- 
tator on the surface of the earth at P. PM* is there- 
in The diffennee in the di$Umees PM' and EM' is only about thirty 
mUea. 

DoM it make tnv difTereoce in the distance of the moon firom na whether the is in the 
lenith or opoo tlie borixon 1 In which position is ibe ruarest to us 1 Prove it from Fig. 60. 
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fore nearly equal to EM, but PM, the distance of the 
moon in the zenith fix)m the spectator at P, is sharier 

no. « 




MOON'I APrARKHT BUB UfCRKAMD Uf THB ZBNITH. 

than EM by PE, the radius of the earth, and is there- 
fore less than PM' by about the same quantity. 

320. The moon is therefore nearer the spectator when 
she is in the zenith than when she is upon XkQ horizon by 
almost 4,000 miles. This change in distance of course, 
aflfects her apparent size, and it is found by measure- 
ment that the breadth of the moon is yV*!^ part greater 
at the zenith than at the horizon^ a resalt which verifies 
the preceding demonstration. For since the moon's dis-. 
tance is inversely as her apparent diameter she ought 
when in the zenith, to be yV*!^ ^^ ^®r distance nearer the 
earth than when upon^ the horizon. Now since her 
average distance from the earth is about 240,000 miles, 
yVth of her distance is 4,000 miles, which is the length 
of the radius of the eail;h in round numbers, and is 
nearly equal to the difference of the distances PM and 
PM'. 

32L The Moon always turns the same face 
TOWARDS THE Earth. Every observer whose attention 
has been drawn to the fact, has noticed that the appear- 
ance of one full moon is almost exactly like that of an- 
other. There is the same telatioe arrangements of light 

By how mach ii she then nearer to vs 1 Does this cfaeine in distance affect her appa- 
rent size? How much greater is her apparent size when she is at the zenith than 
when she is upon the horizon 1 What iloes this verify ? Show in what way ) 
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and shade, and the most remarkable features, such as 
prominent mountains and valleys, are constantly seen in 
nearly the same positions on the moon's disk. This is 
indeed true in respect to aU the lunar phases ; for the 
suTjGace of the moon as seen at her first quarter, is that 
which has been seen at every first quarter since the 
preation, and the same which will be seen at the same 
phase, as long as the sun, moon, and earth endure. 

822. This singular phenomenon can be explained only 
on the supposition, that the moon rotates on her axis m 
about the same time that she completes a sidereal revolution 
around the earth ; for if she did not thus rotate we should 
see the greater part of her surface in the course of a 
month ; which is not the case. 

823. This point may be thus illustrated. We will 
suppose a person standing in the middle of a floor, and 
another walking around him in a circle, holding up at a 
level with his eye, a ghbe^ of which the surface of oTie 
hemisphere is painted blacky and that of the other white. 
The first person represents a spectator upon the earth, 
the circle in which the second walks the orbit of the 
moon, the globe is the moon^ and the white surface the side 
that she constantly presents towards the earth. Now it 
is manifest, that if the second person walking round the 
circle wishes the spectator at the centre to see nothing 
btU the white surface ofiheghbe^ as he performs his circuit, 
he must turn the globe round on its vertical axis, at 
eocactly the same angular rate that he himself is moving in 
the circle. Thus when he has moved through one quar- 
ter of the circle, the globe must have turned one quarter 
of a circle, when he has traversed one half of the circle, 
the globe must have turned half round; and so on 
through the entite circle. 

824. LiBKATioN IN Longitude. If the person hold- 
ing the globe does not always walk at the samepctce, but 
sometimes moves at a slower^ and sometimes at a faster 
rate than the uniform speed at which the globe rotates on 
its axis, the spectator at the centre will see a little of the 

How doet th* tpfietninee of the moon at any phaie-durinf any one month, compare 
rith berappaaraneeattheMmi " " -^•^•-i- 

eoon be explained 1 Give the i 



f the moon at any phaie-durinff any oi 
M phtue^ during any other monw f Ho 
illustration 1 



with her appearanee at the tamt ptuue^ during any other mMtA ? Bow can thii phenbm- 
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dark hemisphere^ first on this side, and then on that; and 
thus a lil^ more than a hemisphere will Ml irUo view in 
the course of a revohttiofu 

825. Now a similar phenomenon occurs in respect to 
the moon, inasmuch as she moves uniformly on her axis, 
but not 80 in her orbit; and therefore we can see at 
times beyond the average boundaries of the moon's disk, 
to the extent of a few agrees of surfSsu^e on the east and 
west sides. 

At one period a spot, which was visible a little before 
on the eastern side, disappears, while others are seen on 
the tuestem side, which were not previously discerned. 
Ere long the latter pass beyond the illuminated hemis- 

Ehere, and vanish ; while the former reappear on the 
right surface. 

326. This apparent motion is called the libration^ of 
THE MOON IN LONGITUDE, bccausc she undcigoes a 
change in position as if, while balancing upon her axis, 
she swung backwards and forwards &om east to toest and 
from west to east ; in whicn direction, longitude is reck- 
oned on the earth. 

327. LiBRATioN IN Latitude. The axis about which 
the moon rotates, though always maintaining the same 
direction in space, is not quite perpendicular to the plane 
of her orbit, but is inclined to it at an an^le of about 
88^° (88° 2T bV.) Consequently, in certam positions 
in her orbit, we see a little space beyond one of m^ lunar 
poles and a little distance short of the other ; each pole 
appearing and disappearing in its turn. Just as a spec- 
tator upon the sun, at the time of the northern summer 
solstice, could look about 23|" beyond the vwrth pole of 
the earth, while all the region within the same distance 
of the south pole would then be lost to his view : the 
reverse occurring at the northern winter solstice, all the 
southern frigid zone then coming into sight and the north- 
em disappearing (see Fig. 39.) A small space therefore 

1. Libration, from the Latin word libratio, meaning a poising or 
balaneing, 

^MnUhn.Uan in hntritu4et Why it this motion fo termed 7 What is the inclina 
tion of the moon*8 axis to the plane of her orfoit ? What phenomenon is caused by tiiit 
incJination 1 Give the illustration ? 
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around each of the poles of the moon is concealed fi£>m 
view or presented to our sight, according as this liimi* 
nary is in one or another part of her orbit. 

828. This phenomenon is termed Ubration in latitudey^ 
because the change in the visible surface takes place in 
a direction ynwi the moon's equator, and terrestrial lati- 
tude is reckoned'in this manner. 

329. Diurnal LiBRATiON. It is towards the cen^e q/^ 
the earth that the moon presents the same facej and she 
would at all times do so to a spectator situated in the 
line joining the centres of the earth and moon, if the li- 
brations of longitude and latitude did not exist But it 
is only when the moon is on the meridian that we are 
nearly in the line of the centres. When she is upon the 
eastern hjoriason we, standing upon the earth's swface^ are 
elevated nearly 4,000 miles above this line, and overlook 
portions of the lunar surface, yrhich are invisible when 
the moon is on the meridian. 

830. And the same is true when she is upon the wes^ 
em horizon, only the change then occurs on the opposite 
side of the lunar orb ; since the upper side of the moon 
at her rising^ is the loiuer at her setting. These varia- 
tions in the aspect of the moon happen daily, and the 
phenomenon is termed the diumat libration. At the 
moon's rising and setting the diurnal libration is greatest, 
since the spectator can not attain any higher elevation 
above the imaginary line uniting the centres of the earth 
and moon, thfm when the latter is upon the horizon. 

331. Length of the Lunar Day. The moon, as 
we have seen, rotates on her axis in the same period that 
she completes a sidereal revolution about the earth, mov- 
ing forwiffd in the meanwhile with the latter around 
the sun, through an arc of nearly 27*. Owing to these 
ttuo motions the average length of the day a^ the moon^ 
reckoning by solar tim^e^ is equal to the length of a synod- 
tool month, that is to about 29 j of our days (29 days 

1. These variations io the moon's viHble snrfiioe seem to arise as if her 
am vibrated to and from the earth. 

What » this phenomenon called, and %hy1 Explain what it iMailt by diurnal libra- 
fidA 1 When ii it gnatMtl What is the mean length of th« lottal day neamired by our 
daytl 

15 
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12h;*44m. 2.9sec.) The mean lengths of dm/ligkt and 
night are therefore respectively equ^ to nearly 15 of onr 
eptire days of 24 hours duration. 

332. At the lunar equator the days and nights are of 
equal lengffi, each being about 354 hours and 22 minutes 
long, (14d. 18h. 22m. 1.5sec.,) but they vary with the lati- 
tude. Thus at the lunar latitude of 45® the extent of the 
longest day* is 354h. 19m., and that of the shortest 351h. 
26m. ; while at latitude 88°, the longest day has a dura- 
tion of 449h. 28m., and the shortest of 259h. 16m. 

838. The appearance op the Earth as seen from 
THE Moon. To the inhabitants of the moon (if any 
there are,) our earth is seen as' a moon of immense size, its 
apparent surface heing sixteen times greater than that of 
the sun as he appears to us. For this reason a vast 
amount of light must be reflected from our globe to the 
moon, and all the varied lunar phases which we behold 
would be exhibited by the earth to a lunar spectator 
with a wonderful radiance and distinctness, but in an 
inverse order. Thus when it is new Tnoon to wa it would 
he full earth to an observer on the moon, and when fuU 
moon here, new earth Aere. 

334. Another remarkable difference also exists. The 
moon is seen by us occupying various positions in the 
heaverfl, as she displays her successive phases ; but the 
earth would appear to an inhabitant of the moon to be 
fixed in the heavens, during aK her periodical fluctuations 
of light The cause of this singular phenomenon is 
easily explained. The moon turns on her axis from 
west to east just as the earth does, but an inhabitant of 
the moon would be as unconsdot^ of its rotation, as we 
are of the rotation of the earth. Accordingly, as with 
us, the sun and the other fixed heavenly homes would 
appear to him to be moving from east to west, at the 
same raie that his own orb rotates on its axis. Such 
would be the apparent motion of the earth to a specta- 

1. The word day is here used in distinctioii finom night. 

What the retpeetiye leogthi ttday mkI night ai the lunar equator? What the dora- 
tion of the lonsett and ibortest davi at the fanar latitude of 45*^ 1 What at 88° 1 How 
would our earth appear to ui inhabitaBt of the moon 1 In wh|A ofdw would the phatea 
oftheeaithbeezhibitedl ^ 
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(or upon the moon, if Oie ewrtk was ajctuaOy statioruiry; 
but this is not the case, for our globe advances from v)e8t 
to east in her orbit, jnst as rapidly as the rotation of the 
moon tends to give it an appourent retrograde motion fiom 
east to west^ The earth, therefore, appaxendy moving 
in one direction exactly as fast as it actudUy moves in the 
opposite direction, consequently seems to an inhabitant 
of the moon to stand still* in the heavens. 

335. These phenomena would only be seen by a spec- 
tator on the side of the moon nearest to us, for to tnose 
inhabiting the remote hemisphere the earth would never 
come into view. Their long nights of nearly 15 days du- 
ration would therefore be extremely dark, since the 
brightest heavenly bodies, whose lijght could dissipate 
th^ gloom, are Mars and Jupiter, which would afford no 
more illumination to the inhabitants of the moon than 
they do to us. 

S36. Acceleration of the Moon's motion in heb 
Obbit. The time occupied by the moon in revolving 
about the earth is now really fess than it was centuries 
ago. This remarkable fiict was discovered by Dr. Hal- 
ley, in the following manner. Knowing the periodic 
time of the moon, as computed from the observations of 
modern astronomers, he compared it with that, deduced 
from the Chaldean observations of eclipses at Babylon, 
in the years 719 and 720, before Christ ;' and also with 
the periodic time obtained from observations made at 
Cairo, by Ebn Junis, an Arabian astronomer who flour- 
ished in the 10th century. 

1. Tlieinooii would present the same phenomenon to us if she completed a 
revolution in her orbit in a tidereal day^ dx she would then actually move 
as fiist from west to eaU as she would apparently move from ^a«t to west on 
aeoount of the rotation of the earth. Under these cireumstanoes, she would 
aeem not to move at all. 

2. Though the earth would have no pro g r e oo i ve motion in the heavens^ 
she would change her place a little on account of her librationOj rocking to 
and /ro to a small extent in a direction parallel to her equator {libration 
in longitude,) and also in a direction perpendicular to it (libration in 
iatiiude,) 

WooM tlM eftrtk have aay ^pfMTMt ■uAkm M «eD from the moon 1 Give the explana^ 
tion 1 CoaM theae pheaomeiM. be teen from every point of the moon's sarfaee 1 Why 
■oti What i« taid letpecting the nighta that prevail throofhoot that hemitpheie of the 
moon which is turned from as 1 What i« said in respect to the time note occupied by the 
OHwo ia revolviof about the eaith 1 
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887. These comparisons showed, that the motion of 
the moon had been accelerated from the era of the Chal- 
dean observations to that of Ebn Junis, and also firom 
his time to that of Dr. Halley. 

The investigations of the profound mathematician La 
Place, have proved the existence of this phenomenon 
beyond a doubt 

The amount of this acceleration of the moon^s motion 
is extremely small being only a little more than ten 
seconds (10^0 ^ every hundred years. 

888. This variation in the moon's velocity, was at 
first accounted for, by supposing that the space through 
which she moved was filled wim a fluid liRe air, which, 
by the resistance, it opposed to the mass of the moon, 
lessened her centrifugal force. The earth would conse 
(juently draw the moon closer to herself, thus diminish- 
%ng the magnitude of her orbit and decreasing her peri- 
odic time.* 

889. La Place, however, showed that this view was 
erroneous, and proved that this increase of motion* was 
caused by a gradual diminution in the eccentricity of 
the earth^s orbit Moreover, that this diminution will 
continue for ages, when it will cease, and then the eccen- 
tricity will begin in turn to increase ; and that these 
alternate changes will continue while the solar system 
exists. The acceleration of the moon must therefore 
follow the same law. For ages the motion will grow 
swifter and swifter tmtil the eccentricity of the earth's 
orbit begins to increase ; after that era the moon's motion 
will be gradually slower and slower ; imtil again, at the 
end of countless ages, the limit will be reached, and her 
speed once more accelerated. 

340. The Moon's path in space. Since the moon 
revolves about the earthy and at the same time about the 

1. The periodic time of the moon is the time occupied by this orb, in 
completing a revcdution about the earth. 

2. The periodic time being decreaeed^ the motion of the moon must be 
inereaaed. 

a - ■ — - 

Who disooTOred this faetl In what manner ? Whoie inTettiration* eleariy piOTed iti 
•xistenee 1 What i« the rate of the acceleration 1 How wai wis pbenomenoa at fini 
accounted for 1 What did La Place prove ? 
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wn,^ moying along witH the earth in its annual drcnit, 
her path in sp&ce necessarily partakes of these two mo- 
tions. Being now inside of the earth's orbit, and now 
outside, the course she describes around the sun will be 
a circular waving line, alternately convex and concave 
toward this luminary. In fact her path is similar in 
form to that described by the pole of the equator around 
the pole of the ecliptic, under tiie combined influences 
of precession and nutation; and the waving line in Fig. 
35, represents approocmuOdy the kind of paSi marked out 
by the moon in her circuit around the sun. 

341. The moon in her motions is subiect to numerous 
iiregularities, the explanation of whida has tasked the 
highest powers of the most gifted astronomers. 



CHAPTER III. 

SCUPSES OF THS SUN AND ITOOIT. 



342. The edipses of the sun and moon are amouj? the 
most grand and sublime of the phenomena of the 
heayens. In all ages of the world, they haye been 
yiewed by the ignorant with wonder and awe ; while to 
the man of science they haye eyer been subjects of deep 
interest and profoimd study. 

LTJKIB ECUFSEEL 

^8. An edtpse of the moon is the partial or total obscu- 
ration of her light^ when she passes into the shadow of the 
earth. The sun, earth, and moon, are then in nearly the 
same straight line with the earth between the other two 
bodies. If the moon were sdfluminous^ like the sun, .a 

1. The moon is not homt along by the earth, around the son, she would 
revolve about the latter, if the efl^ was annikUaUd, 

State what is «aid mpectiDg tiie moon*t path in spaeel What in rMaid to her mo. 
tio60 ? Of what does Chapter lIL treat 1 What is taiil retpectinf the ecIipM* of the luo 
•Ddmooa? What is an eeltoie of tb " . . ^. - .-^._ 

poritieaaof theinn, meon, ana eaith 1 



and moon ? What is an eclipse of the mooo 1 When it occurs, what ara the relative 
^andearf- 
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lunar eclipse could never occwr; but sliiniiig as she does 
by reflection from the sun, tbe interposition of the solid 
body of the earth, cuts oflf the solar light, and the por- 
tions of the moon that enter the eartlrs shadow appear 
da/rk to our view. A lunar eclipwse can never happen 
except when the moon isfiUl, for it is only at this tune 
that the earth is letweeii the sun and moon, and its 
shadow is extended in the direction of the latter. 

344. K the plane of the moonVorlit coincided exactly 
with the plane of the ecliptic, she would pass through 
the earth s shadow at every revolution, and a lunar 
eclipse would take place at every full moon. But as the 
former is inclined to the latter at an angle of about 6* 
(Art. 312,) the shadow of the earth may at one time pass 
above the fuU moon^ and at another oehw it. The full 
moon must therefore take place within a certain dis- 
tance of one of her nodes,^ that is, near the plane of the 
ecUpticj to make it possible for an eclipse* to occur. 

345. When the moon, at the full, has her centre ex- 
actly at her node, it is in the same straight line with the 
centres of the sun and earth, and she is placed centrally 
in the shadow of the earth. But it is not necessaify that 
the moon should be precisely in this position in order that 
an eclipse may happen ; for since she possesses an appa- 
rent breadth of about 3(y, and the shadow of the earth 
extends on each side of the node, her disk may be ob- 
scured when she is within a short distance of this point. 

The calculations of astronomers accordingly show 
that an eclipse may happen when the moon at the fidl, 
is npt fmre than 12^ 24^ distant from one of her nodes, 
and miist happen if her distance does not exceed 9?. 

1. It will be remembered that the moon's nodet are those points in her 
orbit where the latter inter$€eta with the plane of the eoliptio. They are 
oonseqnently at <»ice in the pUme of the moon's orbit, and in that of the 
earth's. 

2. Eclip8e8 are so called from the fieuit here stated ; tIz., that they occur 
in or near the plane of the eeliptie. 

If the moon wai self-laminoat would there be iiiiy lunar eelipMs 1 In what phtie nniit 
the moon be when a lunar eeliprn happens 1 If the plane of the ecliptic and that of the 
moon*! orbit coincided, how often would lunar eclipies occur 1 Why do ibej not now 
take place every month 1 Near what point most the full moon be to make it poniUe for 
an eclipse to happen 1 Explain why it is not necessary for the moon to be cxMtly at one 
of her nodes for this phenomenon to occur 1 State the limits within which a lunar 
eclipse may happen 1 Those within whieh it must happen 1 
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846. When the moon is entirely obscured, the eclipse 
is called total ; when only a portixm of the disk is con- 
cealed partial^ and when the disk just touches the edge 
of the shadow, the phenomenon is termed an appulse. 

847. Of the Earth's shadow. Since the rays of 
light move in straight lines, the shadow of a globe illu- 
mined by one of greater size is conical^ and the length 
of its shadow will depend upon the size and distance of 
the illuminating body. For the greater the relative size 
and the less the distance the shorter will be the shadow, 
and the smaller the size and the greater the distance the 
longer the shadow. The sun being vastly greater in 
magnitude than the earth, the shadow of the latter is ac- 
cordingly conical.* (Fig. 61,) and though tley never 
vaiT in size, yet as they vary in Iheir distances from 
eacn other, the earth's shadow is changeable in length, 
being shortest when the sun is in perigee and longest when 
in apogee. 

348. It is by no means a difficult matter to determine 
the length of the shadow, and by the aid of Fig. 61, we 
will explain lie manner in which the calculation is 
made. In this figure S represents the centre of the sun, 
E that of the earth, and AD and PL rays of light from 

^ the edges of the sun, touching the earth at D and L, and 
meeting at B. The Knes BD and LB bound the 
shadow, SEB is a straight line drawn from the centre 
of the sun through that of the earth, to the extremity of 
the shadow, and EB is the length of the shadow. Our 
task is to find how many miles long EB is. 

349. We must first direct our attention to the trian- 
gle DEB. We know the extent of DE, for it is a radius 
of the earth, and is 3956.2 miles long; moreover, EDB 
is a right angle ; for if a line (as ADB) touches the sur- 
face of a sphere at any pointy and a line (as DE) is 

1. Strictly speaking the shadow is not an exact cone, the base of which 
is a circle. It would be a cone if the earth was a perfect inhere but being 
an ellipsoid the base of the shadow is an ellipse instead of a circle. 

When is an ecripte total 7 When partial? What is an appulse? What is the 
form of the shadow of a globe iHuniined bj one of a ereater sice ? What dues the length 
of the shadow depend upon 1 What is the form of the shadow of the earth 1 When 
ong tst 1 When shortest 1 Can iu length be calculated 1 
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no. 61. 




drawn from the centre of the sphere to that point, the 
line drawn fix)m the centre and the toucriing line 
always make a right angle with each other. Now join 
AE, and we thus form two angles ; viz., DAE which is 
the sun! 9 harizarUal paraUax, (Art. 94,) and AES which is 
the 8un!s apparent semi-iiiameter. In geometrical language 
AES, is called the exterior angle of the triangle AEB, 
and is equal to the sum of the two angles ABE and BAB. 
The an^e EBA, is therefore equal to the angle AES, 
dimmished by the angle EAB; or in other words equals 
the d'^erenoe between the sun's apparent semi-diameter 
and his horizontal. paraUax. The value of the difference at 
the sun's mean distance is 15^ 61.4^^ Therefore, in the 
triangle DEB, since we know the value of all the angles 
and the length of one side, we proceed to select fh>m 
the trigonometrical tables a similar triangle as D^E^B^, 
and institute a proportion as we have before shown 
between the sides. 

350. We thus find, that if the line B'E* represents 
one mile^ D*E* consists of Jour thousand six hundred and 
twelve mUliondis of a mile ; and the proportion runs thus, 
D*E^ (004612ths of a mile) : B'E* (one mile) : : DE 
(3956.2 miles) : BE. Multiplying together the second 
and third times of the proportion and dividing by the 
first, we obtain for the value of BE 857,806 miles. The 
mean or average length of the shadow, is therefore, about 
860,000 miles, extending beyond the earth's centre to a 
distiance more than three and a half times that of the 

Explain how by Fif . 61. What is the m«ai» leagth of the earth*! ihadow in milei t 
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moon from tlie earth. When the sun is at the perigee^ 
the length of the shadow is about 14,400 miles sJwrier^ 
and when at the apogee^ nearly 14,700 miles longer than 
the mean value. 

851. Extent of shadow traversed by the Moon. 
It is proved by mathematical investigations, that the aver- 
age breadth of the earth's shadow where the nKK>n crosses 
it, is about three times the diameter of the moon or nearly 
6,500 miles. But the length of the moon's path ihrouffh 
the shadow is affected by tvx) circumstances ; Firsts tne 
varying distance of the sun from the earth ; Secondly^ the 
varying distance of the moon from the earth. For when 
the sun is in apogee at the time of the echpse, the breadih of 
the shadow, at the average distance where the moon 
crosses it, will be grrcafert&anti«wa/; (Art 360,) and if the 
moon then happens to be in perigee^ she will cross the 
shadow about 13,000 miles nearer ffie earit than at her 
average distance of 240,000 miles, and will consequently 
traverse a broader part of the shadow.* 

But if the reverse happens, the sun being in perigee^ 
and the moon in apogee^ the proximity of the sun will 
narrow the earth's sImmIow at wie average distance where 
the moon crosses it, while the moon being now farthesi 
from the earth, will pass through the sht^ow at a still 
narrower place, nearly 13,000 miles, beyond its average 
place of crossing. 

862. Of the Penumbra. On each side of the 
shadow of the earth there exists, to a certain limit, a 
space where there is a partial diadow or penumbra^* 
Outside of this space the moon is illumined by the full 
orb of the sun, Imt as she liters the J9enti7»&ra the dark 
body of the earth begins to interpose itself, and cuts off 
a portion of the sun's hght As she continues to ap- 

1. It wUl be remembered that the moon in apoget is 26,000 miles fiirifiSr 
from the earth than when in perigee (Art. 310.) Her average distanoe 
will therefiNre ^Ufier from her apogee and perigee diatanoes by 1 3,000 miles. 

2. See page 133, note 2. 

How do« it eompara in length with the ibocni*i distanee fVom the earth 1 When the 
ran i» in perigee, how much shorter ii the shadow than iu mean length 1 When the sun 
is in apogee how mueh longerl What is the average breadth of the earth's shadow where 
Jhe moon crosses it 1 By what tiso eireunisunees is the length of the moon*s path through 
.he shadow afihcted 1 Explain why 1 What it the penmnbm 1 
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proach the shadow, more and more li^ht is intercepted ; 
and at the moment the earth toixilly hides the sun from 
any part of the moon, that part at the same instant 
passes the inner limit of the penumbra and enters the 
shadow. 

363. The space occimied by the penumbra is deter- 
mined as follows : Eererring to Fig. 61, and supposing 
the lines ALW and PDU, to be drawn, touching the 
earth at the points D and L,* the penumbra is found on 
each side of the shadow bounded by the lines UD, DB 
and BL, L W. QM represents the path of the moon, and 
the several small circles.on the line QM, are different 
positions of the moon at and near the time of an eclipse. 

354. It is evident from the slightest glance, that the 
moon when nearest Q, is exposed to all the light of the 
solar disk ; but that as soon as she passes beyond the 
line LW, a portion of the sun near A, can not be seen 
from the moon, on account of the interposition of a por- 
tion of the earth at L. More and more of the sun's aisk 
will become inviable at the moon as she advances 
towards the line LB, and when she has passed this line, 
the disk of the sun is entirely concealed from a pari of her 
surfiice, if not from aU, by the intervention of the earth. 

355. The moon leaves the shadow, re-entering the pe- 
numbra on the opposite side, when she has crossed the 
line DB ; for here rays of solar light from the regions 
about P now shine upon her, and when she has passed 
the line DTJ, she emerges from all obscurity and the 
full light of the sun again illumines her surmce. The 
space DBL therefore comprises the shadow of the earth, 
while the penumbra is limited as before stated, by the 
lines UD, DB and BL, LW. 

366. Duration of a Ltjnae Eclipse. When a total 
^lipse occurs, the moon, if she passes centrally through 
the shadow, may be completely obscured for the space 

1. The straight lines PU and AW do not toach the surfiioe of the earth 
at exactly the same poinU where AB and PB touch ] yiz., at D and L, 
but very near them. 

State what changes in illumination the moon undergoes, as she advances from beyond 
the penumbra into the shadow 1 Explain from figure. For what space of time is the 
moon obscured during a total ecjipse, when she passes centrally through the shadow 1 
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of about two houra^ for she moves through a space equal 
to her own breadth in about arir hour, and as the breadth 
of the earth's shadow where the moon crosses it is 
nearly three times her dianieter, she must traverse two 
thirds of the breadth of the shadow in obscurity. 

357. The duration however of complete eclipse will de- 
pend upon the direction of the moon's transit through 
the shadow, and also upon the varying distances of the 
sun and moon from the earth, as explained in (Art. 351.) 
A lunar eclipse may continue for tne space of about ^ve 
and a half hours^ counting from the moment the moon 
enters the penumbra, till the instant she leaves it. 

358. Red light op the Disk. During a lunur eclipse 
the darkened surface of the moon is illumined by a red- 
dish light, a phenomenon resulting from the refraction of 
the solar rays by the earth^s atmosphere. For the solar 
beams entering our atmosphere are refracted towards 
the earth, and being thus bent into the shadow pass on- 
ward and strike the moon. Being thence reflected to 
us, they are still sufficientiy bright to render her surface, 
even in shadow , distinctly visible. The color of the light 
is owing to the same cause that gives rise to the ruddy 
tints of sunset clouds; the white light of the sun in 
struggling through the atmosphere loses its feebler rays, " 
while the red, which possesses the greatest power to 
overcome any resistance it encounters, emergesy and im- 
parts its own hue to the objects upon which it falls. 

Thia reddish light is of sufficient intensity, to enable 
observers to detect the obscure regions and spots on the 
lunar disk. The following facts are stated by Hind. 
During an eclipse of the moon that occurred on the 23d 
of July, 1823, M. Gambart saw all the lunar spots dis- 
tinctly revealed. In an eclipse that happened on the 

1. When a stnibeain is refracted, the seYen oolora of which it ii com- 
pooed : to wit, red, orange, yellow j green, blue, indigo, and violet, are 
turned out of the eonrae of the original beam. Tlie red deviating the least 
and the violet the moot, 'the red k therefore leaet affected by the resist- 
anoe it meets with. 

■ ■' ■ . ' I ■■ I ^ . 

Why 1 What doesthe daration of eompleCe eelipm dnpeod upon 1 How Ion; may a looar 
•elipM last, eonating from the time the mooa enten to the time ihe leaves the penumbra 1 
What pbenomeoon occon during a lunar eclipie t Row is it caused 1 To what is the 
eolorowiogl What ean be discerned od the disk of the moon by means of this light T 
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26th of December, 1883, Sir John Herschel observed, 
that the moon was clearly visible to the naked eye, 
when completely immersed in the earth's shadow ; gleam- 
ing with a swarAy copper hue^ which changed to bluish 
green at the edges, as the eclipse passed away. Similar 
phenomena were noted daring the total lunar eclipse 
of March 8th, 1848. 

The spots on the sur£su^ even at the middle of the 
eclipse were distinctly seen by many observers, and the 
general color of the moon was a Ml glotving red. So 
clearly did the lunar disk stand forth to view, tha;t many 
of the observers doubted if there was any eclipse at all. 

359. Eaelibst observations of Lunar Eclipses. 
Observations were made on lunar eclipses at Babylon, 
by the Chaldeans, in the years 719 and 720 8.0. They 
relate to Aree eclipses, and are the earliest observations 
of this kind, in the annals of science. The first eclipse 
occurred on the 19th of March, 720 B.O., and was total 
at Babylon. The second happened on the 8th of March, 
719 B.O., and the ffiird, on the 1st of September in the 
same year; both were partial eohpees. 

ECUFSES OF THE SUK. 

860. An eclipse of the sun takes place when the moon 
in her revolution aoout the earth, comes between the earth 
and the sun^ and casts her shadow upon the former; 
concealing from our view, bv her interposition, either a 
part or the vohole of the brignt disk of the sun. A sohr 
eclipse can therefore only occur at the time of rvew mo<m 
or conjunction; and as in the case of lunar eclipses, it 
would happen every revolvMon^ if the i)lane of the ecliptic 
coincided with that of the moon's orbit But this is not 
the fact, and a sohr ecUpse can therefore only take placet 
when at new moon the lunar orb is at or near one of her 
nodes. The greatest possible distomoe of the moon from the 
node at which a solar eclipse can occur is 18° 36'. 

361. Form of the Eclipse. A solar eclipse may be 

Detail the &ets medtimied by Hind 1 Give an aecoant of the earliest obsenratiom of 
lunar eelipMsl What i« the cause of a solar eclipse 1 At what phase of the moon can 
it only occur t Why not at every new moon 1 Where must the new moon occur 1 
What is the gr m tu t possible distance from «h«iiMl«4lifita solar eclipse can take place t . 
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partial, total, or annular. It is partial when only a por- 
tion of the dark body of the moon interposes between 
the sun and a spectator upon the earth. !R>tal, when the 
apparent diameter of the moon exceeds that of the sun, 
and the former body passes nearly centrally across the 
solar disk. Annular, when the moon passes in like 
manner nearly centrally before the sun, but her apparent 
diamekr is Itss than the sohr ; the entire body of the sun 
being then obscured with the exception ofsk brilliant ring, 
around the borders of the moon. When in this case the 
centres of the sun, moon, and earth are exactly in the 
samis straight line, the eclipse is termed annular and cen- 
tral, and the bright ring possesses a uniform breadtlu 

362. Shadow of the Moon. The distance of the 
moon from the sun is subject to variation, and this cir- 
cumstance aflfects the length of the moonls shadow. The 
farther this orb is from the sun the longer will be her 
shadow, and the nearer the shorter. Now when, during a 
solajt eclipse, the earth is nearest to the sun, and the nwon 
\& farthest from the earth, the lunar shadow will be the 
shortest ; but when the earth \& farthest from the sun, and 
the moon is nearest to the earth, it will be the longest 
That such must be the case is evident ; for in the^r^^ in- 
stance the orbitual motions of the earth and moon bring 
the latter as near as possible to the sun, and in the second, 
remove her as^r as possible from this luminary. Ifi as- 
tronomical language the lunar shadow is therefore short- 
est, when the earth is at her periheUdn and the moon in 
apogee, and longest, when the earth is at her aphelion and 
the moon in perigee. 

363. The average hfigth of the moon's shadow is found 
to be about equal to her mjean distance from the eartJi. 
It will accordingly, for die reasons above assigned, at 
times faU short of the earth, while at others it will be so 
much extended, that a shadow of considerable breadth 
passes over the surface of the globe. 

364. When the shadow does not reach the earth, it is 

What w itatad retpeetio* tha forai of a colar eclipw ? Whan is it partial t When 
ittai t When am,%vlar t When annular and central t State the cause of the variations 
in the length of the nioon*s shadow ? When is it shortest t Wlien longest f Give the 
same statements in astronohiiciil language t To what is the average length of the moon*s 
diadow oearijr equal 1 What happens if it is Ues or greater than the mean length 1 

16 



Digitized 



by Google 



182 SOLAB SYSTEK. 

manifest that no eclipse can occur ; althon^h the sun^ 
moon, and earth are so situated in every omer respect 
as to give rise to this phenomenon. When it does reach 
the earth, the space that it covers on the surface of the 
latter, will depend upon the position of the end of the 
shadow in reference to the surface of the earth. If the 
end of the shadow just touches the earth, there will be an 
eclipse only at the place where it touches. But if the 
point where the shadow would terminate, if the earth 
did not interpose, is situated, as at F in Fig. 62, /&r on the 
other side of the earth, then the eclipse will oe visible 
throughout a region of considerable extent. The largest 
extent of surfisice on the earth, covered at OTice by the 
shadow of the moon is about 180 miles. 

865. The lunar shadow like that of the earth, has also 
its penumbra, which partially obscures our globe. The 
greatest breadth of terrestrial sur£tce enclosed by the 
penumbra is nearly 5,000 miles. ^ 

866. In Fig. 62, this subject is illustrated, S here rep- 




■OLAE KCLiraC. 

resents the sun, M the moon, and E the earth. The 
form of the shadow is defined by the line CF, and DF, 
a portion of the shadow is however cut off by the inter- 
position of the earth. The breadth of the shadow on the 
earth is represented by the distance from O to P, and 
the breadth of the jpenumbra on each side of the shadow, 
by the curved lines GO and PH. 

367. Altitude of the Moon — ^Its effect on Eclip- 
ses. Since the moon is nearer to the surface of the earth 
when in the zenith than when upon the horizon, by about 

When will no eelipM occur 1 Upon what does the extent of terrestrial rarfaee covered 
by the shadow depend t Give the two ilhistrations 1 What is the freatett extent of 
surface obscured by the shadow 1 State what is said respeetinf the penumbm and its 
breadth 1 Illustrate from Fif . 63. 
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4,000 miles," it may happen that a solar eclipse takes 
place in one part of the world, and not in another. Two 
places may be so situated that the moon is on the horizon 
at one station and in the zeniih at the other^ when a solar 
eclipse is about to happen. Now it is possible that the 
lunar shadow may faU just short of the place where the 
moon appears upon the horizon, but as the other station 
is nearer to the moon by about 4,000 miles, the shadow 
may reach the laMer place, and the sun will consequently 
for a short time be there ecliped. 
868. This phenomenon is illustrated by Fig. 63. 

FIG. 63. 




AVriTUDB OP THB MOON — ITS SrFBCT ON BCUnCI. 

Here ZBHE represents the earth, OE the moon's orbit^ 
M and M* two positions of the moon, and S, S' her 
shadow. To a spectator at H, the moon M is on the 
hortzoUj and there is no eclipse, since the shadow does 
not reach hini, but when the moon in her orbitual \no- 
tioh is at M' she is in the zenith to a spectator at Z, and 
the shadow reaches the earth causing an eclipse,^ though 

1. The diftanee between the oentres of the moon iu the two positions 
M and M' is equal to the distance between the extremities of S, S*, 
i.e., to the radius of the earth, or about 4,000 miles. By dividing the 
length of the moon's orbit by the time of her revolution, we obtain her 
velocity, which is more than 2,000 miles per hour. The moon therefore 
moves from M to MMn less than two hours, and the shadow is likewise 
earned from S to S' in the same time, . 

Explain how tbs altitud§ of the moon modifioi eelipte* 1 Explain from Fipur» 
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the shadow is of the same length as when the moon was 
atM. 

369. For the reason just given an eclipse which would 
be annular to a person beholding the moon upon the 
hyrizcm might be toUd to one observing her at the 
zenith. 

370. Total Eclipse of the Sun. We have re.- 
marked that eclipses of the sun and moon are among the 
grandest phenomena in nature, but no form of eclipse 
is so impressively sublime as a tofoL eclipse of the sun. 
The gradual withdraw^ of the solar light, and at length 
its total extinction ; the oppressive and unnatural gloom 
that overspreads the earth, so different from the obscu- 
rity of nif^t, and the appefflranoe of the staiB, at such an 
unusual time, all impress the mind with a deep solem* 
nity. It is not surpriang that a spectacle of this kind 
has ever filled barbarous and even civilized nations with 
astonishment and dread^ as though tiiey were on the 
brink of some awful calamity.* But eclipses whethw 
total or otherwise are the source of one of the noblest 
triumphs of science; for astronomers are now so well 
acquainted with the laws, that regulate the motions of 
the heavenly bodies, that the very minute of an eclipse 
can be predicted centuries before it occurs, and the dates 
of events which happened thousands of vears ago, can be 
unerringly fixed, by retrograde calculations of these 
phenomena.' 

1. A total eolipae of the son ooourred during the war between the Medea 
and Lydians, related by Herodotoa. In tbe midst of a battle, the sun was 
blotted out from the sight of the contending armies, and so great was their 
terror at such a strange eyent that they threw down the weapons, and made 
a pcfice upon the spot. This eclipse is said to have been predicted by 
Thales. 

2. When Agathocles, the tyrant of Syracuse, invaded Africa, for the 
purpose of attacking the Carthagenians in their own country, a to^ eclipse 
of the sun occurred at the time the expedition was setting sail. This cir- 
cumstance disheartened the soldiers, but Agathocles revived their courage 
by representing that this event portended the defeat and ruin of their ene- 
mies. This eclipse occurred according to retrograde calculatiims on the 1 5th 
of August, 3 1 B.C. An eclipse of £e sun also happened at the very time 
Xerxes set out from Sardis, to invade Greece. The eclipse proves that this 

May an cmmter aelipM in one put of tbe world be l«tei in another 1 What mmM in re- 
spect to a total eelipie of tbe sun 1 How have they been vemrded by barbaKMU and even 
eiviliied nations 1 What have they proved to astronomen 1 
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871. During a total eclipse of the sun, many singular 
appearances are usually observed. Soon after the 
eclipse has commenced, and as it gradually advances, 
jets of light are sometimes seen flashing over the lunar 
disk ; and as the total obsdUration approaches'the bright 
portion of the sun changes color by degrees, eithet 
becoming fainter than before, or else assuming a reddish 
tinge, ; 

When the sun is completely hidden, a beautiful ring 
or corona^ of light appears around the dark body of the 
moon, like the crown of light or glory with which 
painters surround the heads of saints. In the eclipse of 
1842, one observer describes it as a ring of peach-colored 
light, another as tyWfe, and a third as 6eam^V^f7 with a 
yellowish hue. Its breadth likewise does not always ap- 
pear to be the same ; for in the eclipse just mentioned, 
while some observers estimated the width at one eighth of 
the moon's diameter, others saw radiations of the corona 
eight times as long as the moon's diameter. The breadth 
of the corona, noticed by Mr. Bond, during the eclipse of 
July 28, 1851, was about one half of the sun's diameter. 

372. But the most brilliant phenomena remain to be 
described. When the sun is completely concealed, and 
the corona is displayed, rose colored flames appear to dart 
out from the edge of the moon, emanatipg from the 
bright ground of the corona, and so distinct that they 
are frequently visible without the aid of the telescope. 
They varv from tmo to four in number, and though 
mainly of a rose color, yet they are seen tinged with 
lilac, greenish blue, and purple. During the eclipse of 
July 28th, 1851, Prof. Bond of Cambridge, noticed 
these beautiful rose colored flames, tux> of which were 
connected by an arch of light, resembling a rainbow. 

378. Pig. 64, represents this eclipse as seen by Mr. J. 

h'storical eTent occurred on the 19th of April, 481 B.C. A lunar eclipse 
which happened on the 31st of September, 331 B.C., fixes the date of the 
battle of Arbela, in which Alexander triumphed over Darius, king of 
Persia. The eclipse occurred 11 days before the victory. 
1. Corona, a Latin word signifying a crown. 

Describe the verioat appearaneet that are beheld dnrinf a total eclipw of the san ? 
What appearaDoe* were obtenred by Mr. Bond, during the eclipM of July 38tb, 1851. 

16* 
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R, Hind, in Sweden. The eclipsed sun is here seen sur- 
rounded by a corona, the whiter portions of which near 



no. M 




TOTAL BCLIPn OF THE 8UN, AS 8BBN BY MR. J. B. HIND, NEAR KNGKLHOLM, 
IN RWBDBN, JULT 28, ISSl. 

the dark circle indicate the positions of the jets of flame 
and the arch of light 

374. Duration of a Solar Eclipse. No eclipse of 
the sun can last longer than six hours. The duration of 
a total eclipse never exceeds eight minutes^ nor that of an 
annular twelve and a half minutes, 

376. Solar and Lunar Eclipses — ^Points of dif- 
ference. When a lunar eclipse occurs, it can be seen 
from every part of that side of the earth, which is turned 
towards the moon. For this hemisphere is necessarily in 
the earth's shadow, and a spectator here situated be- 
holds the moon eclipsed when she enters the shadow. 

Describe Fig. 04. How long can any eclipse of the tun last 1 How long a total 1 How 
long an annular eclipse 1 
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376. In the case of a solar eclipse, the shadow of the 
moon passes across the earth in less than four hours^ 
(Art, 368 note 1,) and an eclipse can only occur in the 
'patii of the moon^s shadow. Every part of the terrestrial 
hemisphere turned toward the sun will not therefore be 
eclipsed, but only those portions that are traversed by 
the lunar shadow. 

The extent and piath of the shadow must accordingly 
be determined before we can know in what regions of 
the earth the sun will be eclipsed. 

377. These diflferences in reapect to hmar and solar 
eclipses, arise from the diflferent positions of the o6sert;er 
in the two cases. During a lunar eclipse he is on the 
body lAxoX forms the shadow, during a solar eclipse h.Q is 
on the body that receives the shadow. 

378. Frequency or Eclipses. S^pn is the greatest 
number of eclipses that can occur in the course of a year^ 
and two the least If seven 1;ake place five may be ^ofar 
and tvoo lunar or three msLj be eclipsesf of the sun and 
four of the moon. Six eclipses in a year is an unusual 
number, four the average and two the lea^st ; in the last 
case the eclipses will be solar. 

379. An eclipse of the moon sometimes happens the 
nextfuU moon after an eclipse of the sun, and the reasons 
are as follows. The solar eclipse taking place at or near 
one of the moon's nodes, the shadow otthe earth extends at 
this time across the moon's orbit, and is at ox 7iear the other 
node. Now the moon's orbitual motion is so rapid that 
after causing the solar eclipse, she may sweep round to 
the o^Wnoae, before the earth's shadow has aeparted so 
far from it, as to be out of the moon's way. Under 
these circumstances she enters the shadow and a lunar 



lipse occurs. 

380. Quantity OF an Eclipse. lUhe quantity ot 9,n 
eclipse, is the extent of the obscuration of the eclipsed 
body, and is estimated in the following manner. In a 

• State in what respects tolar ami lunar eclipses differ 1 How do these differences arise 1 
Wha^ is the greatest number of eclipses that can occur in a year 1 What the least f If 
seven take place what will be the number of solar eclipses, and what the number of lanar 1 
What is an unutual number in a year ? What the average 7 What the least number 1 
If only tto0 occur, are they sirfar or lunar 1 E^tpJairi why an eclipse of the moon may 
happen the next full moon after a solar •clips* 1 ^ What is the y uaxttty of an edipse ? 
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lunar eclipse, for example, the diameter of the moon is 
supposed to be divided into 12 equal parts, called digtiSf 
and the number of such parts that lie within the earth's 
shadow, at the time the moon's centre is nearest to the 
centre of the shadow, determines the quantity of the eclipse. 
When the moon is entirely immersed in the shadow, as 
in the case of a total eclipse, the quantity is found in like 
manner, by supposing a line to be drawn from the centre 
of the shadow to its outer edge through the centre of the 
moon, and then dividing the part included between the 
inner edge of the moon, and the outer edge of the shadow^ 
by one twelJOi part of the moon's diameter. 

This subject is illustrated in Fig. 65, where M repre- 

FIG. 6& 



sents the moon, N one of her nodes, NMP a portion of 
the moon's orbit, and NSCE the direction of the plane of 
the earth's orbit. The circle EOSK is a section of the 
earth! s shadow, which completely envelopes the moon, 
causing a total eclipse : the line OC is a radius of the 
circle EOSK and passes through the centre of the moon. 
The quantity of tne eclipse is obtained by dividing the 
line IjO by one twelfth part of DL the moon's diameter. 
If the eclipse instead of being total had been partial, 
and the moon's centre M, had l^n at the point O, then 

What it HMttnt by the tern Hgtlf How it tli« ^oBotitr vf lui MlipM oliBnled? 
How i» tU fHMltly fooDd in a toUl oclipM ? Kxploro Am* ItfOBcw 
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one half of her diameter ML would have been in shadow, 
and the quantity of the eclipse would have been six 
digits. 

881. The period op the Eclipses— The Saros. 
It was discovered by astronomers centuries ago, that if 
the eclipses that happen during a period of about 18 
years, are noted in their order, that the series is repeated 
during the next period in nearly the same manner as 
before. 

The reason of this will be evident from the following 
considerations. 

382. We have seen that eclipses depend upon the 
nearness of the moon to her node when new and full. 
But the node is in motion around the ecliptic, retrograd- 
ing at the annual rate of about nineteen cmd a half de- 
grees^ ' while the moon is also in motion around the earth. 
Now an inquiry may reasonably be made whether, sup- 
posing that an eclipse was to take place to-day exactly 
at one of the moon s nodes, in which case, the sun ana 
the moon would be in ^ line of the nodes, there might not 
be siu^ a relation between the motion of the moon and 
the motion of the node, that after a certain interval of time 
another eclipse would again occur at the same node ; so 
that the moon and the sun during the next succeeding 
interval would go through the sanofe series of positions 
in respect to each other as during the first, and re- 

. produce the same set of eclipses, resulting from these 
positions. 

383. Such a relation is found to exist very nearly. 
For if there was to-day a solar eclipse, the sun and moon 
as seen from the earth, being exactly at one of the moon's 
nodes, the moon would be there again in *29.53 days (a 
synodical month. Art. 275,) and the earth in its revolu- 
tion about the sun, would bring the same node again to 
the sun in 346,62 days, a period which is termed the 

1. The daUy r^rogadatioa ii 3' W^ (Art. 315,) which givai about 19|o 
for the annual vsXe. 

2. This is the expression for the length of a lunar month in days and 
the decimals of a day. More nearly 29.5305887. 

State what it said respecting the jMrtM of ike ecUpsn 7 Explain in full the o««se of 
this racurrence of a sertet of eelipees 1 



Digitized 



by Google 



190 SOLAB SYSTEM. 

synodical revolution of the moon's nodes. * Now if 29.63 
was precisely contained in 846,62, at the end of this time 
the sun and moon would be again at the same node, and 
the same set of eclipses would recur at intervals of 846,62 
days. This nowever is not the case, since 29.63 is not 
eocacdy contained in 346,62, but if we multiply 29.63 
by 223 and 346,62 by 19, the products will be respec- 
tively 6685.32 and 6686.78. 223 synodical numihs are 
therefore almost equal in length to 19 synodical revciu- 
tions of the node. If therefore an eclipse happens on any 
day when the sun and the moon are exactly in the line 
of the lunar nodes, the two bodies will be again precisely 
in the same position, within less than half a days time, 
after a period of about 6686^ davs, oi: nearly 18 years 
and 11 days: At intervals therefore of 18 years and 11 
days eclipses recur in nearly the same ordeir. 

384. This period obtained by observation indepen- 
dentlv of theory, is supposed to have been known to 
the Cfhaldeans under the name of Sa/ros, and that it was 
employed by them to predict eclipses : within it there 
usually occur 70 eclipses, 29 bmar^ and 41 solar. 



CHAPTER IV. 

CENTRAL F0B€E8 AND GBAVITATION. 

385. We have shown in the preceding pages, that the 
earth revolves about the sun, and that the moon in like 

1. The earth in her annual revolotion ooniplete9 the oureait of the eolip-. 
tic, or 360O in about 365 days, advancing from we»t to e<ut at the daily rate 
of nearly \9, but the lunar nodes retrograde from etut to voeet at the yearly 
rate of nearly 19|o. If therefore to-day one of the nodes coincided in posi- 
tion with the sun as seen from the earth, this coincidence would next occur 
when the earth lacked about 19^^ of completing her annual circuit, and as 
she moves in her orbit about IP a day, the interval of time between these 
two coincidences is nearly 346.63 days, more accurately 346,619,851. 

What is meant by a synodical revolution of the moon's nodes 1 What is the leofth of 
the period of the ecli|wes1 What ancient astronomers are supposed to have employed 
this period in the prediction of these |4ienon>ena 1 What did they call it 1 How many 
eclipses usually happen within this period ? How many of these are lunar t How many 
Mfor t What is the subject of Chapter IV. ? 
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xoaaner, deserlbes aa orbit around the earth. All the 
other members of the solar system, have also theu* re- 
spective orbits, and possibly the sun itsd/j with its attend- 
ant planets and comets, revolves around some vast central 
body in the depths of space. 

386. In view; of these facts an interesting suggestion 
arises; viz., what are the forces which cacse one 

HEAVENLY BODY TO REVOLVE ABOUT ANOTHER. 

This point we will now investigate before we proceed 
£Eirther m the discussion of the solar system. 

387. When a body revolves about another as its cen- 
tre, we find that it is influenced by ttuo forces, one of 
which tends to make it^y away from the central body, 
and the other to approach it The former is termed the 
centrtfugal^ force, the loiter the cenJbrepeixd} 

388. K a person fastens a bullet to one end of a string, 
and then holdiuj? the other in his hand whirls the bullet 
around, it descnoes its drcuiar path under the action of 
the two kinds of forces just mentioned. If the string 
were suddenly cut while the bullet was revolving, the 
latter would speed away from the centre of its orbit (the 
hand) like a stone from a sling. The force which thus 
actuates it, is its centr^vgaijbrce. Now when the string 
was wliolcj the bullet was prevented from obeying this 
centrifugal force, and kept in its circular path by the 
resistance of the string, wnich virlually drew the bullet 
toivards the centre of its orbit, with the same power 
that the cerUrifagal force then tended to draw it away. 
The tension of the strirvg is therefore the centripeUd 
force. 

389. Let us advance one step further. We can 
imagine that the hand of the person instead of being 
connected with the bullet by atiy material bond as a 
string, draws the bullet towards it by an attractive power 
that resides within it, just as a magnet draws to itself 

1. CemirifygMl from the Latin, eentrwn^ a centre and fngere to flee 
away. 

2. Centripetal from tbe Latin deit/rvm, a oentre and pttiere to seek. 

What has bean shown in tha pracadiQir V^t^ ^ What inquiry arisas in viaw ofthasa 
facts ? Whan a body ravolvas about anothar as its centra, how many forces actuate it t 
What are they called 1 Give tha illustration ? Which is h^m ^ cemtrtfugal, an4 
HrhiiBh fkf ffifttrifeUl force f YfhaJL can we neict iiou^i^a f 
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any particles of iron that are near it. We can moreover 
suppose, that the attractive power is so adjusted in 
amount to the centrifugal force that it exactly countertLcts 
the eflfort of the latter to make the bullet deviate from a 
circular path. Under these circumstances, the com- 
bined influences of the centrifugal and attractive forces, 
would cause the bullet to revolve in a circular path 
around the hand of the experimenter, without the in- 
tervention of a string. 

390. Now a heavenly body revolves about its central 
orb, by the action of ceritrifugal and centripetal forces, 
like the bullet in the preceding illustration. But no 
solid substance, no material chain or rod connects the 
earth or any other planet with the sun, restraining its 
centrifugal lorce, and keeping it in its path in its cease- 
less circuits, around this mighty orb. W hat then is the 
nature of the centripetal force^ which causes a heavenly 
body to. move with unerring precision in its orbit? 
Does there actually exist in the central body as we have 
imagined an attractive power ^ which cgnstitutes the centri- 
petal force ? Let us see if this is the case. 

391. Of Gravity. When a body falls from rest 
towards the ground it descends in a straight line in the 
direction of the centre of the earth, under the infliience 
of what is termed the />rcc of gravity. 

There accordingly resides in the earth a power, which 
tends to draw other bodies towards its centrfe : in other 
words a centripetal force, 

392. We recognize its action in the paths described 
by projectile" bodies, for when a cannon ball is fired 
into the air, if it was influenced by no other force than 
that of projection, it would continue forever to speed 
away from the earth, in a straight course. But owing to 
the action of gravity the body is drawn to the earth, de- 

1. By projectile bodies is here meant those which areimpeUcd forward 
by force through the air. This force ia called the prof eetUe force. 

What may we aappoM to be the nMatiom of the attractive and centrifagal forces to each 1 
How would the bullet then dioto without the aid of the itrinf 1 What forces cause a 
Wvenly bodr to revolTO around iU central orb 1 What inquiries are here made 1 When 
a body falls from rest what direction does it take 1 What is that force termed which 
^ causes .it to descend towards the earth 1. What kind of power then resides in the earth 1 
In what do we recognise action 1 If the projectile force alone existed, what would be 
the path of the body 1 In eonsequence of gravity what is its path t 
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scending to it in a curved path, concave towards its 
surface. 

393. The greater the 'projectile force the greater will be 
the space passed over by the body before it reaches the 
ground ; and we may imagine the impulse to be so pow- 
erful as to cariy the body completely around the earth 
to the point from whence it started In this case, the 
projectile force remaining the ^same, the body would 
recommence its circuit and continue to revolve around 
the earth like the moon. 

394. Its Variation. The force of gravity above thp 
surface of the earth, varies inversely as the square of the 
distance from the earOis centre. By this expression we 
mean that if gravity exerts at the surface of the earth 
for instance, or about 4,000 miles from the centre a cer- 
tain power^ it will exert at tvnce this distance fron\ the 
centre, or 8,000 miles, only one fourth of this power. 
Thus, at the surface of the earth, a body descends freely 
under the action of gravity IQ^-^th feet per second, but at 
the distance of 8,000 miles from the earth's centre, it 
will fall through only one fourth of this space in a second, 
or 4:^\ihfeet 

395. This law is illustrated in Fig. 66, where A rep- 
resents the centre of the earth, BCDE a square portion 
of its surface, and B A, C A, DA, and EA the lines of di- 
rection in which gravity acts. Suppose these lines are ex- 
tended to F, G, H, and I, and the square FGHI is formed, 
whose distance from A is twice that of the square BCDE. 
Now it is manifest that the amount of gravity which is 
contained in the first square BCDE is the same as that 
which is contained in the second square FGHI, but its 
intensity or strength in the latter is as much less than that in 
former, as the square FGHI is greater than BCDE. But 
FGHI contains /mr smaU squares eaxh equal to BCDE, 
therefore, the intensity of the force of gravity at F, 
which is tv)ice as far from the centre as B, is (me fourth 
of what it is at B. If we construct another figure 
JEILM at fmir times the distance of B from A, it will 

If the projectile force is increased, whet it trae in rerard to the extent of tpace paaned 
orer by the body 1 If the impulie was to great that the body patted round the earth to the 
place where it ttarted, what would happen 1 Accordin|f to what law doet gravity vary 1 
What it meant by thit expreition 1 Explain from Figure. 

\1 
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na. 68. 




THE FORGE OF GRAVITY VARIES INVBR8ELT AS THE SQUARE OF THE DISTANCE. 

contain sixteen squares each equal to BCDE, and the 
force of gravity will here be diminished sixteen times ; all 
which accords with the rule just stated. 

396. The change in distance must be great, for the 
variaticms in the force of gravity to be appreciable. It 
is therefore regarded as a oofisiant force at every part 
of the earth's surface, for the difference in the distances 
from the earth's centre, at the sea level and upon the 
loftiest accessible heights is too smuU to cause any ma- 
terial variation in the force of gravity. 

397. In the beginning of the 17th century, Kepler 
discovered by his unconquerable energy of mind, those 
famous laws which still bear his name, (Art. 193,) one 
of which announces that the planets revolve in elliptical 
orbits around the sun, which occupies a common focus. 

But though his perseverance was crowned with such 
success, he knew not the controlling force which holds 
the planets to the sun, and keeps them in their orbits. 
The glory of this discovery was reserved for another 
whose genius has illumined the whole field of science. 

398. Universal Gravftation discovered. In the 
year 1666, when the plague made such fearful ravages 
m England, the illustrious Newton retired from Cam- 
bridge, where the pestilence then raged, to his country 
house at Woolsthorpe. While sitting one day alone in 
his garden, the fall of an apple led him to reflect upon 
the nature of terrestrial gravity/. He already knew that 

Are the variatioof in the force of fravity perceptible when the diffierenees in the dii- 
tancei arettnail ) Where is gravity regarded as a constant force, and why 1 When did 
Kepler discover those laws which bear his panae 1 Did he ascertain what that Ibrce is 
which control the motions of the planets ! 
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it caused the path of a projectile to be curved towards 
the earth, and that it was as sensibly powerful upon the 
tops of lofty mountains as at the sea level f and ne con- 
ceived that if it existed on the highest points of the 
globe without any perceptible diminution^ it might pos- 
sibly extend much farther. Then it flashed upon his 
mind that the moon perhaps was retained in her orbit 
by such a power, and uiat the force of gravity at so great 
a distance from the earth would probaoly be diminished. 
He likewise imagined, that if the moon was kept in her 
path by this controlling force, that the planets might 
also revolve about the sun in obedience to the same 
power. 

S99. From the third law of Kepler; viz., that the 
squares of the periodic times of the planets wre as the cubes 
^ their distances from the sun, he inferred that this binding 
force varied inversely as the square of the distance fix>m 
the centre of the attracting body. 

400. With these views the astronomer now proceeded 
to investigate the orbitual motion of the moon, by com- 
paring the space^ which a bodv falls through in one 
second of time, at the earth's surface, with the space that 
the moon would be drawn towards the earth in the 
same time, under the action of gravity ; diminished in 
the inverse ratio of the square of the moon's distance 
from the earth's centre. 

401. This calculation was not at first satisfactory, 
because the correct length of the earth's diameter was 
not then known. Sixteen years afterwards when the 
true length was ascertained, Newton repeated his com- 
putation, and now his most sanguine hopes were fully 
realized. The force of terrestrial gravity diminished in 
the inverse ratio of the square of the moon's distance, 
from the earth's centre, was proved to be the very force 
that keeps this luminary in her orbit. 

402. The method of investigation pursued was the fol- 
lowing : The moon, starting from anj point in her orbit, 
would move away from the earth m a straight line, if 

Belate the manner in which Newton was led to the diieovery that gmvitjr extended to 
the noon ? How did the astronomer proceed to investifato the moon\ orbitual motion 1 
Was the calculation at first latisfactory ? Did it afterwards prove so ! 
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some centripetal force did not deflect her, and cause her 
to move in a curve. 

The amount of this deflection is therefore a measure of 
the centripetal fiyrce, and when we know the moon's dis- 
tance from the earth we can calculate the amount of this 
deflection for any given time, as one second; in other 
words through what extent of space the moon descends 
toward the earth in one second. Having ascertained this 
point, we next proceed to inquire if this unknown force 
is XhQ force of gravity, 

403. Gravity at the earth's surface, causes a body to 
fall freely through a space of 16y'^th feet in one second, 
as before stated, but the moon is removed 60 times far- 
ther from the centre of the earth than is the surface of the 
latter. Therefore, if gravity extends to the moon its force 
will be 8,600 (60 x 60) times less than it is at the earth's 
surface, and the space a body would fall through at the 
moon under its influence, during one second, would be 
found by dividing 16y^jth feet by 3,600. The quotient 
thus obtained is ,052 inches, a result identical with the 
computed amount of deflection. It is therefore inferred 
that the centripetal force which causes the moon to 
revolve about the earth is the force of gravity, 

404. The path of research opened by this grand dis- 
covery was not neglected. Succeeding researches have 

Gved that the influence of gravity extends to all the 
ies of the solar system, aind even to the flxed stars. 
Every portion of matter whether large or small, a world 
or a grain of sand, is found to possess this attractive force 
and to be under its control. One body attracts another 
and is itself in turn attracted by it, the earth gravitates 
towards the sun, and the sun towards the earth ; the 
amount of attraction exerted by any body, being propor- 
tioned to the quantity of mutter contained in that body. 

406. The investigations of astronomers, tend to show 
that gravity is coeoctensive with the Tnaterial universe, and 
in view of its boundless diffusion, it has received a new 
appellation, being termed universal gravitation; A POWER 

Detail the mode ofinvestiratioii 1 Through what space will a body fall in one second 
at the diitance of the moon from the centre of the earth 1 Does graTitv extend in its in- 
floOTce beyond the moon 1 What do we now kaow respecting it 7 What is it termed in 
in view of its wide difference 1 
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IN VIRTUE OP WHICH ALL BODIES MUTUALLY ATTRACT 
EACH OTHER IN THE DIRECT RATIO OF THEIR QUANTTTIBS 
OP MATTER, AND IN THE INVERSE RATIO OP THE SQUARES 
OP THEIR DISTANCES FROM EACH OTHER. 

406. In addition to what has already been stated, this 
great principle accounts for the spherical form of the 
heavenly bodies, for nutation^ the precession of the equi- 
noxes^ the duxnge in the obliquity of the ecliptic^ the com- 
plex lunat motions, and various other celestial phenom* 
ena of which we shall hereafter speak. 



CHAPTER V. 

THSPLANEISl 



407. The planets are those heavenly bodies that re- 
volve directly about the' sun, from west to east, and shine 
by its reflected light. They have received this appella- 
tion, as we have stated, (Art. 2, note 1,) from the fact 
that they are seen moving among the fixed stars, and are 
constantiv changing their places in the heavenfe. 

408. The names of the differentplanets have already 
been given^ (Art. 17.) Mercury, V e»us, Mars, Jupiter, 
and Saturn, have been known from the earliest ages^ 
for they are visibly to the naked eye, and all but Mer- 
cury conspicuously so. The rest of the planets, 35 in 
number, excluding the Earth, are recent discoveries ; all 
of these having been found since the year 1780, and 30 
of them within the last 10 years. 

409. Many of the planets are attended by moons like 
the earth. The Earth, as we know, has one moon, Jupi- 

1. The planetary bodies that revolves directly aboDt the sun are called 
frvmary planets. Moona are termed aecondary planets. The body about 
whieh another directly revolves is denominated its primary, thns, the eun 
is the primary of the earth, and the earth the primary of the moon. 

What is nnivenal gravitation 1 What i« farther said of this great principle 1 What 
ut planet* 1 Why are they so called 1 Which have been known from a hi|;fa antiquity ? 
Bow many have been diseoveied tinee the year 1780 1 Bow many within the last 10 
years? 

17* 
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ter y&MT, Saturn eighij Uranus six, and Neptune one. 
Up to the present time, the known number of piane&l in- 
cluding the Earth, is 41, and of moons 20. 

There doubtless exist other planetary bodies in our 
system yet undiscovered, if we can infer any thing from 
the harvest of planets that has lately rewarded the 
searching labors of zealous astronomers. 

410. Distances. The respective distances of the 
planets from the sun, beginning with the nearest to this 
luminary, are presented m the following table. 

TABLE OP DISTAKGB3. 

lEilM. Miks. 



Meroary, 36,890,000 

Venw, 68,770,000 

Earth. 95,298,260 

Maw, 145,205,000 

The Asteroids,— 

Tlialia, ISTiKfinOO 

Flora, aOii.^JiVJOO 

Cuterpe, 2l4.7wvri50 

Mel(<omeae 21?^,OH4f,l)0O 

Clio, or Victoria, «2J, -C^ ,' JOO 

.Thetis, $».' NJWiiOO 

Urania, 22i,t>4] ;J50 

VeiUi i»."i,iJOu.nOO 

MaMialia, S2.'i,7iJtf,(J0O 

Phocaa, 2S*.'^.7:i9,UW 

Iris ,• 227;i3l.000 

Metis, 22r7,:iH7.t«0 

Hebe, 231JWVXW 

Fortuna, 2»J,:l< iO,i]00 



Eceria, 344,940,000 

Aftrea, 345,622,000 

Irene, 246,070,000 

Proserpine..../ 249,204,000 

Lutetia, 340,456,000 

Eunonia, 252,300,000 

Juno, 354,312,000 

Ceres, 363,713,000 

Pnllas, 364,356,000 

Bellona, 364,850,500 

Pytche, 278,630,000 

Calliope, '. 379,433,500 

Euphrosyne 280,060,000 

Hjseia, 300,322,000 

Themis 3i5,7R2,500 

Pomona, distance unknown. 
Polymnia, distance unknown. 

Jupiter, 495,817,000 

Saturn, 909,028,000 

Herschel, or Uranus, 1 ,828,071,000 



ir,!irru"S:.:::::::;:::;:::; ^,K Neptune,' .' 2;862:457;ooo 

411. So vast are the numbers expressing the distances 
of the planets from the sun, when a^ mik is taken as the 
unit of measurement, that the mind can scarcely grasp 
their meaning, and it is difficult to form a true con- 
ception of the immense spaces that separate these 
bodies from their central orb. A clearer idea may 
perhaps be conveyed by taking a different unit of meas- 
urement 

412. From numerous experiments made by the 
American Coast Survey, it has oeen found, that the aver- 



How many planets have moons, and what is the number of moons that each of these nr 
spectively have 1 What is the known number of planets at the present time t What the 
number of moons 1 Are there reasons for believinff that other planets will be discovered I 
Enumerate the planets and five their distances 7 What is said respecting our coneeptioa 
of those immense distances f 
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age velocity of electricity through the telegraphic wires 
is about 16,000 miles per second. If therefore, .for ex- 
ample, London was united to New York by a telegra- 
phic line, news could be sent from one city to the other 
m about one-fifth of a second. Now supposing the sun 
was connected with the planets by telegraphic lines, then 
the time it would take to transmit a message, 
From the Sun to the Earth, would be Ih. 39' 

to Jupiter, " 8h. 36^ 28^^ 

to Saturn, " 15h. 46^ 54^^ 

to Herschel, " Id. 7h. 44' 14^^ 
to Neptune, " 2d. Ih. 41^ 43^ 

413. The apparent magnitude of a body being in- 
versely proportioned to the distance (Art. 177,) at which 
it is viewed ; it follows, that the sun will appear of vari- 
ous sizes, at the different planets. The reHxtive apparent 
magnitudes of this body as it would be seen from the 
eight principal planets are shown in Fig. 67. 

414. KIepler's law of Distances. From the third 
law of Kepler ; viz., that the squares of the periodic times 
of the planets are as the cubes of their mean distances from 
the sun, the unknoum mean distance of a planet can be 
found, when its periodic time is ascertained together with 
the distance and periodic time of another planet 

Thus the periodic time of Mars having been ascer- 
tained by observation, to be 687 days, and the distance 
of the earth from the sun and her periodic time being 
known, the mean distance of the former can be found by 
the following proportion ; viz., the square of the earms 
periodic time is tome square of Mars^ periodic time, as the 
cube of the earth^s distance is to the cube of Mars' distanced 

415. In this way the periodic time of a planet can also 

1. This proportion ezpreased in figures is as follows: (365,256 days X 
365,256 days) : (687 days X 687 days) : : (95,298,000 miles X 
95,298,000 miles X 95,298,000 miles) : (145,210,000 miles X 145,210,000 
miles X 145.310,000 miles.) The last term is the onbe of Mars' mean dis- 
tance from tne son. The distance is therefore, 145,210,000 miles. 

Take the Telocitj of the electric carrent m the unit of metsarement, and fire the dif- 
ferent eatimates of the planetary dittancei with this onit ? What ii laid retpeetiof the 
apparent sin of the tan ai viewed fVom the different planeU7 When can the distance of 
h planet be found by Kepler's third law ? Give an instance ? Can the ptnodu time of 
a planet be found 1^ thit rale 1 
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be found, when its distance is known and also the dis- 
tance and ©cnodtb time of another planet. • 

416. The laws of Kepler are alike applicable to moons 
and planets; the mean distances of the former from the 
planets about which thej revolve, can therefore be de- 
termined, as in the case of planets, by the law just 
mentioned. 

417. Bode's law of Distances. A relation between 
the distances of the planets from the sun, was discov- 
ered in the liatter part of the last century, by Prof Bode 
of Berlin, it is termed Bode's law, and is thus expressed. 
If 4 is taken as the distance of Mercury from the sun, 4 
added to 3 gives the relative distance of Venus, 4 added 
to 3 X 2, that of the Earth, and the relative distances of 
the other planets are found in their ord^ by succes- 
sively annexing 2 as a factor, thus, 

RELATIVE DISTANCES. 

Mercury, . . . ; 4 =4 

Venus, 4 added to 3=7 

Earth,... 4 " 3x2= 10 

Mars, 4 " 3x2x2= 16 

Asteroids, (ayerage distance,) 4 " 3x2x2x2= 28 

Ju]^t^, 4 " 3x2x2x2x9= 52 

Saturn, 4 " 3x2x2x2x2x2=100 

tTranus, 4 " 3x2x2x2x2x2x2=196 

418. This law gives the acttial distances of the above 
planets with tolerable exactness, when that of one of them 
IS known. For example, the relative distance of Mer- 
curv (4) : the relative distance of the Earth (10) : : the 
real distance of Mercury, (36,890,000 miles) : the dis- 
tance of the earth (92,225,000 miles,) which is nearly the 
true distance. Bode's law fails in tne case of Neptune. 

419. Magnitudes. No relation has been discovered 
between the magnitudes of the planets by which the size 
of one can be ascertained, when that of another is known. 
These bodies diifer very much in size, the asteroids being 
extremely smaH, while the bulk of others, as that of 
Jupiter and Saturn is immense^ far exceeding the size of 
the earth. This subject with others of a kindred nature 

li this law appHeable to moons? Stute Bode's law ? Is this hiw perfectly exact t Does 
it liold true in every case? When the magnitude of one heavenly body is known, can 
that of another be inferred ? Do the planets diflfer much in size ? 
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FIG. 67 



Apparent »ixe of the Sun Relative eixet of the eight principal 
ae viewed^ planete. 
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TiiUAy discussed. In Fig. 67, a 
rduiite inagnitudes of the eight 

E Planets. The planets are 
^ CLAss>:5. First, the iNt^EnroR 
hat of the earth : Mereiuy mid 
lass. Secondly, the SLPi:RiOK 
rarth'r^ orbit ; within this divis^ 
planets from Mara to Neptune 



urn PLANETH 

^fcrcury and Vemis are known 
lin that of the earth ; Firsts be- 
n by us, Hke the other planetSj 
oppodteXo tb;it which the sun 
>c thi^ ease if they included the 
jf tlieir respective orbits, 
cd with a leleseope^ they pre- 
:)[} \ being crescent shaped, when 
rtli and the sun^ and full when 
and the earth ; and in other po- 
variety of phase between these 
ma wfiich can be accounted for 
tlmt these pli^neta receive light 
t around it at a iiearer distance 

these bodies at ccriain times are 
nd fcjun, aiipeariiig as dark spots 
.ss from one side to the other, 
termed a transiL*' When eith&r 
^en the earth and the sun^ it is 
unction, when the m>n is heiwtmi 
mrior conjunction. * 



J dk tilled 7 V\'hat are they! WKhI im ni«4nt bjr 
tT now i3o we kiiuw that thi? orbit* of MeTcory 
1 Whul is the iHUrp&sitinn of u plaiiDt b^twisfn 
li? Whan areibeie pliTjeii tvbp^ctiveljr in their 
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MERCURY. 9 

424. This planet is the nearest to the sun of any that 
have been discovered. Its greatest angular distance 
from this luminary never reaches 29°. rox this reason, 
it can only be discerned in the gloom of twilight, either 
at morning or evening, according as it is to the east 
or west of the sun. Even under the most favorable cir- 
cumstances, it does not appear conspicuous to the un- 
aided eve, but shines like a small star beaming with a 
pale red light. 

425. Distance op Mercury from the Sun. The 
distance of this planet from the sun in miles, may be 
found, independently of the methods already explained in 
this chapter, by observing its angular distance from the 
sun at the time of its greatest elongation, * It is computed 
as follows. Let B, Kg. 68, represent the position of 

FIG. 68. 




Mercury at this period, S the sun, and E the earth ; draw 
the lines BS, SE, and EB, forming a triangle which will 
be right angled at B. The angle E, as taken by an in- 

1. Oreaiert elonfaiion^ by this is understood the greatest angular di%^ 
tanee that the jiianel departs /rom the •mm, (as seen ftom the earth) while 
makiuK a oirouit around it. The greatest elongation in the ease of Mer- 
cury ocours about 6 or 7 times a year. It never exoeeds in extent as 
stated in the text 29© and is sometimes only about 160 or IT©. 

What i. said iMMctinf the proximity of Mercury to the sun 1 What is the extent of 
Its f rentett angular distanoe ftrnn this orb ? When can this planet be seen 1 When is it 
C^''" kiST?"* ** *** ■i'P**"™* ^ Exp]Ma how ito distance ftom the sun may 
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strument, we will suppose is 27°, and we know the 
length of the line ES to be about 95,000,000 of miles, 
because it is the distance of the earth from the sun. 
Proceeding then, as we have often done before, we 
select a similar triangle S'B'E', and calling E'S' onemik 
we make the following proportion ; E'S* (one mile): 
S'B* (,45399ths of a mile) : : ES (95,000,000 mUes): 
SB (43,129,050 milesO 

426. If the orbit of Mercury was a perfect circle^ one 
computation like this would give the true distance of the* 
planet from the sun at any part of its orbit ; but Mer- 
cury revolves as the other planetary bodies in an ellipti' 
cal orbit, and his distance from the sun is accordingly 
variabk. Bj making the preceding calculation when 
the planet is in diflferent points of its orbit, the mean 
distance is ascertained and found to be 36,890,000 
miles. 

427. Orbit— Inclination of its plane. The ellip- 
tical orbit in which Mercury moves, deviates very much 
from a circle. At its perihelion the planet is about 
29,305,000 miles from the sun's centre, while at the 
aphelion its distance is no less than 44,474,000 miles. 
Its distance irmn. the sun accordingly varies more than 
15,000,000 miles ; a change five times greater than that 
which exists in the case of the earth, (Art 198.) The 
inclination of the plane of its orbit, to that of the ecliptic 
is about T. 

428. Size — Apparent — ^Eeal. When Mercury is 
at his perigee, his apparent diameter is about 12^^ but it 
decreases to 5^' at his apogee. Knowing the distance of 
Mercury from us, as well as his apparent diameter, it is 
easy to calculate his reed diameter in the same way as 
we have computed that of the sun and moon, which has 
been repeatedly explained. From measurements taken 
with the utmost accuracy within the last few years, the 
diameter of this planet is estimated to be 2,950 miles. 

Why will not one Cftleulation give the true diitanee? How i« the mean distance ob- 
tained 1 What ii it 1 What ii said respecting the orbit of Mercury 1 How far is this 
planet from the sun at its perihelion and aphelion ? Bow great is tlie Tariation betwreeo 
the periheiioa and aphelion distances 1 How does it compare with the variation existing 
in the case of the earth 1 What is the inclination of the plane of Mercury's orbit to that 
of the ecliptic Y What is the a(>parent diameter of Mercury at its per^ee and af«^*9 f 
What is its actual diameter in miles 1 
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Very little difference is found to exist between its poJar 
and eqmJUyrml diameters. 

429. Periodic Time. Mercury revolves about the 
sun in nearly 3 months, or more exactly S7d. 23h. 15m. 
44sec. The ancient astronomers by observing his re- 
turn to the same position in the heavens approximated 
very closely to his true period of revolution. By the 
application of Kepler's third law the 'periodic tvme is 
readily ascertained in the manner explained in Art. 414. 

430. Rotation on its Axis. The powerful illumi- 
nation to which this planet is subjected on account of 
its proximity to the sun, has thrown a degree of uncer- 
tainty uj)on all investigations respecting its physical 
characteristics. In consequence of this overpowering 
brilliancy it does not present in the field of the telescope 
a distinctly defined dish. The period also of observation 
is necessarily short, for in its rapid circuit, it soon ap- 
proaches the sun, and is shroudea from our view beneath 
the intense splendor of the solar rays. Moreover, since 
all observations must necessarily be made when the 
planet is near the hxmaoriy it is consequently discerned 
through that part of the atmosphere which is most sub- 
ject to vapors, and is therefore liable to be seen disimied 
on account of the changeable nature of the medium 
through which it is observed. 

431. For these reasons the reliable observations upon 
Mercury are few» Sir William Herschel, with all his 
ability and skill, obtained no conclusive proof of the ex- 
istence of spots upon the surface of the planet which 
would have enabled him to determine the time ofitsro- 
tation on its axis. Schroeter appears however to have 
met with better success. In the early part of this cen- 
turv he subjected Mercury to a most careful scrutiny 
and obtained, as he believed, decisive evidence of the ex- 
istence of mountains^ rising to the lofty altitude of more 
than 10 miles above the general surface of the planet. 
By noting likewise the variation in the appearance of 

It there any obaenred difTerenee between the lengths of thejMlar and e^itaetfrto/diameten ? 
What is the periodic time of Mercury 1 What is said respeetinc the obserrations of an- 
cient astronomers upon this planet t Can the periodic time be obtained in any other way 
than by observotion ? State why it is difficult to ascertain with certainty the physical 
characteristics of this planet 1 Are there many reliable observations on Mercury f State 
what is said respecting Sir William Herschert effbrte 1 What success had Schroeter? 
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the horns of the planet, when it assumed a crescent shape, 
the same astronomer ascertained to his own satisfaction 
the fkct of its rotation ; the period of which he estimated 
at 24h. 5m. 28sec. Since the time of Schroeter no 
astronomer has gained any further information on 
these points, whicm future observations may modify or 
confirm. 

432. Phases. On examining Mercury with the tele- 
scope in diflferent points of his orbit, we find that he 
presents ^Ao^cs like those of the moon in her revolution 
about the earth. 

433. When near his inferior conjunction, or between 
the earth and sun. Mercury appears homed or crescent 
shaped, like the moon when new ; since nearly the whjoh 
of nis illuminated hemisphere is now turned away from 
us in the direction of the sun. Advancing in his orbit 
to his greatest western elongation half (/the illuminated 
hemisphere is then seen by us, and the planet is in its 
first quarter. As it moves towards its superior conjunc- 
turn it becomes gibbous^ the visible bright portion gradu- 
ally assuming a circular form, like the moon near the 
fuU. 

434. On account of the suipassing splendor of the 
solar rays. Mercury is invisible for some time before and 
after the superior conjunction, but on emerging into 
sight on the other side of the sun, he is still giSxms, like 
the moon as she moves towards her third quarter. 

When the planet has arrived at its greatest eastern 
elongation, it again appears as a half nuxm, like our sat- 
ellite in her last quarter. As it approaches again its 
inferior conjunction, it dwindles once more to a crescent ; 
but is lost in the blaze of the solar light for some time 
before and after passing this position. 

435. Transit of Mercury. If the plane of the orbit 
of Mercury was coincident with that of the ecliptic, the 
planet at every inferior corg'unction, would pass directly 

1. See Art. 269, note 2. 

What is the period of Mercury** rotation as determined by him ? Have later astrono- 
mers increased oar knowledge of the physical characteristics of Mercury t What phe- 
nomenon is observed in respect to this planet, when viewed with a telescope 1 Describe 
the phases of Mercury in full 1 
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between vs aaid tlie disk of the sun, and would appear as a 
black spot upon it. But since the plane of its orbit is in- 
clined to that of the ecliptic about 7° degrees, this phenom- 
enon does not occur at every inferior conjunction, for the 
planet ma^ be on one side of the disk of the sun when it is 
m this position. 

.436. In order that a transit may occur, the earth must 
be in the line of the nodes of Mercury, at or very near the 
time when the planet passes through one of them, in its 
revolution about the sun. For Mercury being at the 
node is consequeiitly in the plane of the ecliptic, and the 
line of the nodes will then pass through the sun, the earth 
and Mercury, and the latter, as seen from the earth, will 
be projected as a dark spot upon the sun ; just as the 
moon is during a solar eclipse. If the planet, the earthy and 
sun are not exactlv in the line of the nodes, still a tran- 
sit may occur witnin certain limits, on account of the 
magnitude of the sun ; the planet crossing the disk of 
the sun not through its centre but on one side of it 

437. The earth arrives at the line of the nodes twice 
a year, about the 10th of November and the 7th of May, 
and since the nodes move but about 13^ in one hundred 
years the transits of Mercury must for a long time hap- 
pen in these months. The last transit occurred on the 
8th of November 1848,' and the second after the next 
will happen on the 6th of May, 1878. 

438. Splendob of Mebcuby. The distance of the 
earth from the sun, is to the distance of Mercury fixjm 
the sun in the ratio of about 8 to 3 ; and the nearer any 
planet is to the sun the greater is the amount of light it 



1. RespectiDg this transit, Prof. Alexander, of Princeton, tiios speaks ; 
'* I obserred that as the planet approached the son it seemed to be united 
to it by a dark fringe or penumbra. Daring the prepress of the transit 
Mercury was at times surrounded by a dusky rii^. This occurred when 
the sun was slightly obscured by a thin haze. Occasionally also an ob- 
scurely luminous spot appeared upon the centre of the planet, this spot 
was united to the circumference by three fiunter bands, symmetrically 
arranged.*' 

Why doet not a tramit of Meieory occur at every inferior conjunction ? What muit 
be the respective potitioni of the planet and the earth that a transit may occur 1 Why ? 
If thcM three bodies are not exactly in the line of Mercury* $ nod§ can this phenomenon 
occur 1 Why ? In what months do the transits happen 1 Why will they take place 
on these months Tor a long period 1 When did the last transjt occur ? When will the 
second after the next take place 1 
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receives. The intensity of the solar light at any two 
planets is inversely proportioned to the square of their dis- 
tances from the sun, accordingly the amount of light illu- 
mining a surface of one mik square on the planet Mercury 
is to tnat which falls ^jpon tne same extent of surfobce on 
the earth as 64 to 9. The intensity of light is therefore 
about seven times greater at Mercury than at the earth. 

439. The law of the decrease of the intensity of light 
with the increase of distance, is the same as that which 
exists in the case of gravity (Art. 394,) and may be il- 
lustrated by the same figure. Let therefore A, Fig. 69, 

FIG. 60. 




THE INTENSITT OF THE SOLAR LIGHT VARIES INVERSELY AS THE SQUARE OP 
THE DISTANCE. 

be a poirU on the sun^s surface from which light emanates, 
falling upon the squares BCDE, FGHI, JKLM. FGHI 
is twice as far from A as BCDE, and contains fmr times 
as much surface ; JKLM is four times as far from A as 
BODE, and contains sixteen times as much surface. 
Now since the same quantity of light is diffused over each 
of the three squares, its intensity must be four times 
greater at the distance AB, than at the distance AF, and 
sixteen times greater than at the distance A J. 

440. The apparent surface of the sun, varies also ac- 
cording to the same law, and this luminary will conse- 
quently appear to the inhabitants of Mercury (if any 
tnere are) seven times larger than it does to us. . 

441. Mass and Density. The investigations of as- 
tronomers in respect to these particulars have led to the 

What ii Mid respecting the amoant of solar light reeeired by a planet ? What Is the 
law of its intensity i Explain why the intensity of solar light is seven times greater at 
Mercury than at th« earth ? Illustrate the above law from the Figure. How does the ap- 
parent surface of the sun vary ? How much larger would it appear at Mercury than it 
does at the earth 1 
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conclusion, that the mass of the swn eocceeds that of Mer- 
cury, 4,865,750 times, and that the density of the planet 
is jth greater than that of the earth. 

442. Ancient observations op Mercury. The 
earliest recorded observation of this planet was made 
60 years after the death of Alexander the Great, on the 
15th of November, 265 years before Christ. Chi the 
19th of June, 118 A.D., the Chinese astronomers like- 
wise observed Mercury to be near the Beehive, a cluster 
of stars in the constellation of Cancer, retrograde calcula- 
tions by modem astronomers have shown, that on the 
evening of this day Mercury was distant from this 
group of stars less than one degree. 

VENUS 9 

443. Distance and periodic time. We now come 
to Venus the second planet in order from the sun, and 
the most beautiful star that adorns the heavens. Her 
mean distance from the sun is 68,770,000 miles, and she 
revolves about this luminary in 225^ days, or more ac- 
curately 224 days 16h. 49m. 8sec. 

444. Apparent diameter. The apparent diameter 
of Venus varies much more than that of Mercury, ow- 
ing to the fact that the changes in the distance of this 
planet from the earth, are much greater. When Mer- 
cury is nearest to us, he is in round numbers but 
58,000,000 miles distant, and when most remote^ recedes 
from us only 132,000,000 miles ; but Venus approaches 
as near to the earth as 27,000,000 miles, and then 
withdi*aws from it to the distance of 163,000,000 
miles. This great change in the distance is shown, as 
in the case of the moon, by the variation in the planet's 
apparent diameter, for when it is at its inferior conjunction 
its diameter measures 70^^, while at its superiorj it is 
more than seven times smaller, being less than l(y\ 

445. Eeal Diameter. This is not very precisely 

Bute what is said respecting the man and density of Mercury 1 What are the earliest 
recorded observations of this planet 1 What is said respecting' Venus 1 What is hert^- 
tarue from the sun ? What her periodic time 7 Why does the apparent diameter of 
Venus vary more than that of Mercury 1 What is the createst apparent diameter of 
Venus 1 What the least 1 

18* 
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known, but according to the best observations, its length 
is about 7,900 miles, which is very nearly the same as 
that of the earth. No astronomer as yet has been able 
to determine by observation the exact diflFerence be- 
tween the polar and eqitcUorial diameters of Venus. 
That a diflference eocists is evident from the totation 
of the planet on its axis, but the amount of difference 
is unquestionably small. 

446. EoTATjON. The intense splendor of Venus in- 
vests every part of her disk with such a brilliant light 
that any variation in the surface of the orb for the most 
part escapes detection, since the valleys as well as the 
mountains, if such inequalities exist, are bathed in 
floods of light ; and astronomers therefore speak doubt- 
ingly of cloudy spots upon the surface of the planet. 

447. It is usually by directing their observations to 
v^l defined spots, that astronomers determine the period 
of the rotation of a planet upon its axis ; the absence of 
such marks upon Venus, for a long time, rendered the 
time of her rotation a matter of uncertainty. One as- 
tronomer, -Cassini, in 1667, fixed it at 28h. 16m. and an- 
other, Bianchini, m 1726, estimated it to be 24 days and 
8 hours. At last Schroeter, the celebrated German astron- 
omer, by directing his attention to a mountain, which he 
discovered near the southern horn of the planet, ascer- 
tained from eight observations, that this orb revolved on 
its axis in 23h. 21m. and 8sec. This result has been 
almost universally received, though it is not regarded 
by astronomers as exact beyond the possibility of an 
error. 

448. According to the observations ^nd calculations 
of the same astronomer, mountains exist on the surface 
of Venus, of the surprising height of fifteen or twenty 
miles, but no great confidence has been placed on these 
determinations, since the diameters of some of the small 
planets, as ascertained by Schroeter, are found to be 

What is the extent of the real diameter of Venus 1 Has any diflbrenee been observed 
between the fidar and equatorial diameters 1 Must there be a difference 1 Why do we 
know scarcely anything respectingf the tufface of this planet 1 What is said in regard to 
the existence of spots f How do astrononners ascertain the fact and time of a pbinet*s ro- 
tation 1 State by whora, and in what manner the rotation of Venus was diseoTcred, and 
the period of the same determined 1 Is this period of Venus* rotation considered by as- 
tronomers as absdtttely exact 1 What is said of the mountains of Venus 1 
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much greater than those obtained bj later astronomers 
with their improved and finely constructed instnmients. 
It is therefore not improbable, that the want of accuracy 
and delicate refinements in his instruments led to the 
very great altitudes which Schroeter assigned to the 
mountains of Venus. 

449. Orbit — ^Inclination of its plane to that op 
THE Ecliptic. Unlike that of Mercury the orbit of 
Venus is almost a circle. We have seen that the mean 
solar distance of Venus, ia^ 68,770,000 of miles; if her 
orbit was a circle she would always be at the same dis- 
tance from the sun,. but the latter is a little out of the 
centre of the planet's orbit ; so that when Venus is at 
her apheUon she is about 900,000 miles farther from the 
sun than when at her perihdion. This variation is 
much less than it is in the case of Mercury ; whose solar 
distances eit these points differ to the extent of 15,000,000 
miles, (Art. 427.) The inclination of the plane of the 
orbit of Venus to that of the ecliptic is about 8° 23^ 
(more nearly 8^ 23^ 29^^) 

450. Phases. In her revolution about the sun Venus, 
like Mercury, presents to our view similar phases to 
those of the moon. But since this planet is nearly twice 
as far from the sun as Mercury, and its real diameter is 
almost three times greater, these phenomena are more 
conspicuous, and can be observed for a longer consecu- 
tive period. 

451. In a certain part of her orbit we behold this 
beautiful planet rising a little before the sun^ when it is 
termed the morning star. It has then just passed its 
inferior conjunction and its darJc side is turned towards the 
earth, like that of the moon when she is new. Venus now 
moves rapidly westward from the sun, rising every day 
earlier and earlier before this luminary, unt3 she attains 
her greatest western elongation which is about 47° 15'. 
At tms point of her orbit she rises between three and four 
hours before the sun, distinguished for her peerless splen- 

What if imnarked raapectiof Schroeter** obterratioiM on the mountaim of Vena* 1 State 
what ii said in regard to the orbit of Venui ? What is the diflTerenee between Venoi* pe- 
rikslion and aphelion distances t How does this difference compare with Mercays 1 
What is the inclination of the plane of the orbit of Venns to that of the ecliptic 1 Why 
Me the phases of Venus more coospiciious than those of Mercury 1 
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dor among the stars that sparkle in the eastern sky. 
She is now in her first qvurter^ only one-half of her en- 
lightened hemisphere being visible through the tele- 
scope, to the inhabitants of our globe. 

452. Still moving onward in her orbit Venus departs 
from her greatest western elongation towards her supe- 
rior conjunction^ and in so doing approaches the sun. 
She now rises later and later every day, her iUumined 
disk becoming gibbous^ like that of the moon in her 
second quarter, as is readily seen by the aid of the tele- 
scope. At length she arrives at her superior conjuncttoriy 
when she is seen as the moon at the fuM, her bright disk 
being nearly circular. 

453. A period of about nine months elapses from the 
time that V enus is first seen in the morning until she thus 
reaches her superior conjunction. Passing this place in 
her orbit the planet now appears on the other side of 
the sun (the eastern side,) rising after this luminary, and 
is consequently invisible to the naked eye, from the in- 
tense splendor of the solar light. But rising after the 
sun, the planet must necessarily set after it, and since 
the time of its setting grows later and later as it advan- 
ces in its orbit, we at length see it beaming in the 
western sky soon after the solar orb has sunk beneath 
the horizon. 

454. The planet is now the evening star, and by telescopic 
aid we perceive that its visible form is no longer circular 
but appears gibbons like the moon approaching her third 
quarter. Gradually Venus departs more and more from 
the sun, until she attains her greatest eastern elongation^ 
at which point she is again seen through the tele- 
scope in the shape of a half moon. After reaching this 
limit, the planet returns towards the sun, resuming its 
crescent form. Having passed the sun it recommences 
its course as the morning star, going continually through 
the above series of changes. Fig. 70, is a representaticai 
of Venus as she appears when viewed through a tele- 
scope near her inferior conjunction. 
455. Splendor of Venus. Venus shines with the 

Deieribe the phases in full 1 
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916.70. 




TBLnCOnO APPBARANOV OF YBNUt WHEN NKAR HER WFERIOR 
CONJUNCTION. 

greatest brilliancy when her angular distance from the 
sun is a little lass than 40°. * About once in eight yeara^ 
under a favorable concurrence of circumstances, her 
splendor is unusually great. The brightness of the 
planet is then so intense that under a serene sky it can 
DC seen even at noon day, 

456. On account of the proximity of Venus to the 
sun, the intensity of the solar light is about turice as ^eat 
on this planet as it is at the earth. For since their re- 
gpective distances from the sun, are nearly as' 2 to 3, the 
diegree of illumination which each receives will be ex- 
pressed, according to the law of diffusion already stated 
(Art 489,) by the numbers 4 and 9, which are nearly in 
the ratio of 1 to 2. 

1. VeDus does not appear brightest when she ii nearMt to the earth, 
because, only a small portion of her illumined sur&oe is then turned towards 
us. Neither is she most splendid when nearly all her illuminated hemit- 
phere is presented to our view, because she is then fartheet from us, and 
her apparent diameter is as small as possible. Her place of greatest bril- 
liancy is therdbre between these two positions, and is found, as stated in the 
text, to be a little less than 40° firom the sun. 

2. The earth^s solar distance is about 95,000,000 miles. That of Venus 
nearly 68,000,000, The latter distance is therefore to the former in the 
ratio of about 2 to 3. 

. State what ii laid of the tplendor of Venos ? How much greaUr it tho itUeiMtty of the 
lobr li«bt at Vanus than at the earth t Why t 
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457. Mass — ^Density. The mows is ascertained by va- 
rious methods, and from the latest and most accurate in- 
vestigations it appears, that the sun contains 401,889 
times more matter than Venus. She has therefore a little 
less matter than the earth, since the mass of the sun is 
only 854,000 times greater than that of the earth. The 
density of Venus nearly equals the density of the earth, 
the former being to the lattcTj as 92 to lOO. 

458. Atmosphere of Venus. Various observations 
have been made by astronomers upon this planet, which 
have led them to suspect that it is enveloped in an at- 
mosphere. Beyond the true extremity of the horns, 
when Venus appears crescent-shaped Sijine streak of pah 
blue light has been not xmfrequently seen, projecting 
over the uniUuminated part of the orb, and which has 
been regarded as a timight, i. e. light reflected from an 
atmosphere. Sir William Herschel noticed a luminous 
border around the planet, from which phenomenon 
he inferred that Venus possessed a dense atmosphere. 
The bright border being caused by th6 reflectioA of light 
from the particles of air composing the latter. Moreover, 
during a transit of Venus, various appearances occur 
which lead to the belief that an atmosphere surrounds 
this orb almost as dense as the atmosphere of the earth. 

459. Transit of Venus. This appellation is given, 
as in the case of Mercury to the passage of Venus across 
the sun's disk. A high importance is attached to this 
phenomenon by astronomers, since by means of it they 
are enabled to obtain with great accuracy the parallax 
of ike 5tm, without which the distance of the earth from 
the sun could not be determined.* The manner in 
which the parallax is obtained, it is not difficult to un- 
derstand, but the various mathematical processes which 

1. In order to ascertain the 9olar distances and the magnitudes of the 
planets, we have seen that the distance of the earth from the sun most be 
first known. It is also needed in order to determine the solar distances of 
some of the fixed stars, as will be shown in Part III. The accurate deter- 
mination of the sun's parallax, is therefore of the utmost importance in as- 
tronomical reisearches.. 

What ti the mass of Venus 1 What her density 1 What appearances have led astrono- 
mers to suspect that this planet is possessed of an atmosphere 1 What is said in regaid to 
the transits of Venus 1 
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conduct to the resuit are too complicated and abstruse to 
be admitted into an elementary work like this. 

460. Let E, V, and S, Fig. 71, represent the relative 
positions of the earth, Venus, and the sun when a tran- 

FIG. 71. 




sit takes place, HVI a portion of the orbit of Venus, 
and FG-, a diameter of the earth perpendicular to the 
ecliptic. If at the time of the transit two spectators 
were respectively placed at A and B, the diameter of 
the earth apart, the observer at F would see Venus 
in the direction FV, projected as a dark spot on the sun 
at/ and, at the same instant, the person at Q would in 
like manner behold the planet in the direction GV, pro- 
jected on the sun at e, 

461. That such would be the case is evident from va- 
rious familiar examples. Thus for instance if a tree is 
standing in the middle of a square field, and one person 
views it from the south-east corner of the lot, while a 
second beholds it from the north-east comer ; the Jirsf 
sees the tree against the north-v;est portion of the sky, 
while the second observes it in the south-west quarter of 
the heavens. 

462. Now Venus in the above position is nearly 
68,000,000 miles from the sun, and about 27,000,000 
miles from the earth, for the distance of Venus from the 
earth is equal to 95,000,000 miles diminished by 68,000,- 
000 miles, i.e. 27,000,000 miles. If we suppose e and/ 
to be joined by a straight line, two similar triangles are 
formed; viz., FVG and eVf, whose sides are propor- 
tional. Considering FG as equal to 1 we then institute 

Explain by the aid of Firare 71. io what jnanner the sun's horizontal parallax is ob- 
tained by observations on tie transit of Venus 7 
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the following proportion ; to wit, GV (27,000,000 miles) : 
Ye (68,000,000 miles) : : FG (1) : ef. By the rtde of 
three ^is found to be nearly equal to 2|, that is, it is two 
and a half times greater than F(i. . 

463. If therefore the line FG (the ear^'^dwemefer) were 
placed upon the sun, it would occupy about fths of the 
extent oi ^" and the angular measurements of these two 
lines, as viewed from the earth would be nearly in the 
same ratio. But the surCs horizontal parallax (Art. 94,) 
is the angle under which the earth^s radius is seen ai the dis- 
tance oftiie sun from the earth, it must therefore be equal 
to^thofthe angle which the line ef measures at the dis- 
tance of the earth from the sun.* The vaiue of this an- 
gle can be ascertained when each observer notes at his sta- 
tion the eocact time occupied by the planet in crossing the 
disk of die sun, and oneflftii of this value is the sun^s 
horizontal parallax, 

464. The last transit of Venus, from the observations 
upon which the value of the sun's horizontal parallax as 
now received was obtained, took place in 1769. Exten- 
sive preparations were made in various quarters of the 
world for ensuring the most available and accurate obser- 
vations. Capt. Cooke was sent by the British govern^ 
ment to Tahiti, and many other feuropean powers dis- 
patched their ablest astronomers to places most eligible 
for this purpose. The farther apart the observers are, 
the greater will be the displacement of Venus on the 
lolar disk, and the greater the difference in the duration 
of the respective transits ; but this diflference is small at 
the best, and therefore astronomical stations are sought, 
which are widely separated from each other. On this 
account the observations which were taken at Tahiti, in 
the South Seas, and at Cape Wardlaus in Lapland, were 
of great value. 

1. Since ef is 2^ iitnet greater than FG, if e/were divided into five 
pftrto two of them would be equal to the length of FG. FG is therefore 
equal to fths of ef, 

2. The radius of the earth which is the AoZ/* of FG, mnst eyidently 
equal |th of ef. 

When did the Uwt trmmit of Veoot oooar t What prepantioni wen then made by the 
various goverament* of Europe t What obMrratioDS were of great uw 1 Why 1 
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465. The resiilt obtained on this occasion by the com- 
bined eflEbrts of scientific men, gave for the sun's paral- 
lax 8^^, 6 more nearly, 8'^6776. This is considered cer- 
tain within a small fraction of a second, and sepa- 
rate investigations .by Pro£ Enoke, and M. de Ferrer, 
have led to exisictly the same value. 

466. The transits of Venus for a long time will occur 
early in the months of June and December ; since the 
planet passes her nodes in the beginning of these 
months, and the motion of the nodes along the ecliptic 
is extremely small. They are however phenomena of 
rare occurrence, happening at intervals of about eight 
and one hundred and thirteen years. The next transit 
takes place on the 6th of December, 1882. None hap- 
pens durinff the 20th century, the next occurring on the 
morning of the 7th of June, 2004, A.D. 

THEEABTH. 

467. The next planet is the Earth. This with its at- 
tendant Tnoon we nave already discussed and therefore 
pass on to the superior planets. 

SUPERIOR PLANEISL 

468. These celestial bodies are more distant from the 
sun than the earth is, and their orbits consequently encir- 
cle that of the earth. They are in superior conjunction 
when the sun is direotlv between them and earth, and m op- 
position when the earth is directly between them and the 
sun. As they can never come between the earth and the 
sun, it is of course impossible that they should have any 
inferior conjunction ; on this accoimt they are not subject 
to phases like those of Mercury and Venus. Moreover 
they are seen at all angular distances from the sun, from 
O** to 180°. In these three respects, as viewed from the 
earth, they differ from the inferior planets. The next 
planet in order is Mars. 

What it th* value of the tan*t borixootal iwraUaz ai dadaeed from tbeM obMnratioo* ? 
Ii thii perfectly exact 1 Have other investigations been made 1 In what months of the year 
will the transits of Venus occur for a Ions while 1 Why 1 Are these phenomena fVequent t 



When will the nest transit take niaoe 1 What is the next planet in order 1 What is 
nid of it ? What is said respecting the superior planets ? Have they any inferior con- 
junction 1 State the three jmrUetdare in which they differ from the inferior planets as 



viewed from die earth 1 What is die name of the superior planet next in order 1 

19 
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HABa 6 

469. Distance — Orbit— Inclination of the plane 
OF THE ORBIT. This planet is situated at the average 
distance of about 145,205,000 miles from the sun, but 
as the orbit in which it moves is an ellipse that deviates 
veiy much from a circle, the diflference between iispen- 
hehon and aphelion distances is very considerable. The 
former amounting to 158,754,000 miles, and the latter 
to 131,656,000 nailes, their difference being 27,098,000. 
miles. The inclination of the plane of the orbit of Mars 
to that of the ecliptic is about 1** 53^ 

470. Periodic Time. The period of time occupied 
by Mars in making one revolution about the sun, is ac- 
cording to the best computation, 686 days 23h. 30m. 
41sec. 

471. Real and Apparent Diameter. The real 
diameter of Mars is about 4,500 miles, but his apparent 
diameter is subject to great variations ; for at the tmie of 
his superior conjunction when he is most remote from us, 
his apparent diameter measures only a little more than 
4^^ ; but when nearest to us, and in opposition its angular 
extent exceeds 30^^. 

472. On this account. Mars when nearest to us shines 
with great splendor, and rising about sunset moves along 
the sky a conspicuous object throughout the night, but 
when most remote from the earth he appears like a star 
of ordinary size. The cause of these great changes is 
readily perceived, when we consider, that in as much as 
the orbit of Mars includes that of the earth, bis distance 
from the earth at superior conjunction, equals his own 
distance from the sun increased by that of the earth's 
solar distance, and at opposition it is only equal to the 
difference of these distances. Stating the same iir figures, 
the distance of Mars from the earth at superior conjunc- 
tion, amounts in round numbers to 145,000,000 miles, 
added to 95,000,000 miles, or 240,000,000 miles, while at 
opposition it is equal to 146,000,000 miles diminished by 

What is the lolar dittanee of Man 1 Wb«t is said of its orbit ? What is the inclina- 
tion of its piano to that of the •eliptie 1 WhM.ti* hi* periodic time? What is the length 
of the reiA diameter of Mars 1 What is said respeetinf the changes in his apparent di- 
ameter ? When is it greatest f When least 7 What is said of the changes in the 
splendor of Mars 1 Explain the eause of these variations 1 
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95,000,000 miles or 50,000,000 miles. A variation in 
distance so extensive as this, must of course rive rise to 
corresponding changes in the apparent size and brilliancy 
of the planet. ^ 

473. Phases. Although Mars never exhibits phases 
like those of Mercury and Venus, his illuminatea sur- 
face is nevertheless subject to slight fluctuations in form. 
At the time of opposition the planet is exactly circular 
but is usually seen of an oval shape, owing to the cir- 
cumstance that we then view it out of the line jomth^ the 
centre of the planet and the sun, and therefore lose sight 
of a part of the surface that is illumined by the solar 
rays. 

474. This point is illustrated by Fig. 72, where S rep- 
resents the sun, the circle around it the orbit of the 

FIG. n. 




PHASES OF MAM. 



earth, E and E' two positions of the earth, and M, Mars. 
Now since half of the surface of Mars is illumined by the 
sun, the bouridary of the visible portion, as seen from 
the sun, may be represented by the line ah drawn perpen- 
dicular to the line joining the centres of the sun and 
Mars. To ^ spectator at S the shape of Mars would be 

Does this pkuwt exhibit phases like those of the inferior planeti 1 To what ehanfes is 
its visible surfaee subject 1 Explain the cause 1 Ilhistrate ftom Fifuie. 
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a circle, and it would be the same to a person on tlie 
earth, when the earth is at £^, Mars being in opposition. 

475. But when the earth is at E, a part of the enlight- 
ened hemisphere of Mars is invisible to a spectator at E ; 
for that wnich is included between the hnes ab and cd 
has passed out of view and he can see no farther than c 
in .the direction of a. Accordingly when the sun, 
the earth, and Mars are situated as in the figure, the 
planet as seen from the earth will appear of an oval shape. 

476. The form of the visible surface of Mars becomes 
more and more oval from opposition to quadrature^ ; in 
which position the planet resembles the moon a day or 
two before her third quarter, and accordingly is generally 
seen gibbous ; but even then, the illuminated sur&ce is 
never less than seven-eighths of a circle, 

477. Physical Aspect — Atmosphere. When 
viewed through a telescope of adequate power, the out- 
lines of continents and seas are revealed on the surface 
of Mars, while near the poles, at the planet's latitude of 75** 
or 80"*, white spots are discerned, which, from their in- 
crease and decrease with the change of its seasons, have ■ 
been regarded by Sir Wm. Herschel as masses of ice and 
snow that accumulate during the winter of Mars, and 
diminish in the summer. The continents appear of a 
dull red hue while the seas possess a greenish Hinge. The 
ruddy hue of the planet, by which it is easilv distinguished 
from other heavenly bodies, is attributed by Sir John 
Herschel to the prevailing color of the land. 

478. It was formerly supposed that the red hue of 
Mars was owing to a very dense atmosphere, but the late 
observations of astronomers show that there exists no 
good ground for this belief, those of Sir James South going 
fer, according to Mr. J. E. Hind, to disprove its existence. 

1. For the meaning of quadraiurt^ see Art. 272. 

2. The greenish tinge n supposed by Herschel to be the effect of con- 
trast. For example if we gaze steadily npon a rtd wafw for a considera- 
ble time and then look upon a white object as a piece of paper, the latter 
will aiq[>ear of a hlutith green hue. 

What Tariations take placa from opposition and qaadrataie 1 What i« the phaie of 
Mar* at quadrature 1 What portion of a circle does the illuminated lurfliee measurt 
when least 1 Describe the physical aspecto of Mars ? What |s said res|)ecl|ng the ezif 
tence of an atmosphere t ^ 
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479. Rotation. The rotation of tliis planet on its 
axis has been determined by observing tne spots upon 
its surface. The time of rotation was estimated by 
SirWm. Herschel, at 24h. 89m. 21,67sec., but Prof. 
Madler from recent observations reduced this time to 
24h. 37m. 20sec. which may be regarded as the length 
of a day on the planet Mars. 

480. Inclination of thb axis. Observations upon 
the spots have shown that the axis about which Mars 
rotates is inclined to the plane of his orbit at an angle 
of 6P 13''. This Liiiaiitity is very nearly equal to the 
inelination of the earth's axis to the plane of its orbit, and 
as the seasons depend in a measure upon this inclination, 
those of Mars are probably somewhat like our own. 

481. Elliptxcitt. The rotation of Mars necessarily 
produces a difference m the length of the polar and equa- 
torial dtameterSj the planet hein^ flattened &t the poles and 
swelled out at the equator. This compression was, until 
lately considered to be very great, the ratio of the polar 
to the equatorial diameter being according to Sir WiUam 
Herschel, as 15 to 16 j so that if the length of the equa- 
torial diameter of this planet is reckoned at 4,500 miles, 
that of its polar diameter is only 4,219 miles ; the latter 
being thus 281 miles shorter than the former. 

482. But according to Mr. J. R. Hind, an extensive 
series of very accurate observations, recently taken with 
the best instruments, make the compression much less, 
the ratio of the diameters being as 51 to 50, which result 
is regarded as being much nearer the truth llian the 
estimate of Herschel. According to this computation 
the difference between the polar and equatorial diame- 
ters of Mars, is only about 88 miles. 

483. Density — ^Mass. The density of Mars is very 
nearly equal to that of the earth, the former being to 
the latter as 95 to 100. The quantity of matter contained 
in this planet as estimated by Burckhardt is one-seventh 
less than that contained in our globe. 

Row ha« the rotetion of Miin been determined 1 What is itt period 1 What is the in- 
elination of the axM of rotati&n to the plane of the orbit of Man T What is observed in 
recard to the seasons of this planet 1 What is said respecting the elliptioitjr of Mars 1 
What is its extent aecordinf to Sir William Henehel 1 What acoordinf to Mr. J. R. 
Hindi WhatJetbeitouttyofBfarr? Theauwir? 
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484. Intensity of solar light. The relative intensi- 
ties of the solar li^ht at Mars and at the earth, as found 
by the rule already given (Art 439,) arerepiesented by 
the nnmbers 43 and 100. To illustrate, if on a given 
surface the earth receives 100 solar rays, Mars receives 
on the same extent of surface only 43 rays. 

485. Fig. 73, represents Mars as view^ by the ac- 
complished astronomer Sir John Herschel, in his 20 feet 

FIG. 73. 



MARS AS SEEN BY SIR JOHN HERSCHEL. 

telescope, on the 16th of August, 1830. It shows the 
planet in its gibbous state, with the outlines of its conti- 
nents and seas ; while one of the white spots which are 
situated near its poles is distinctly discernable on its 
surface. 

THE ASTEROIDS 

486. The astronomer Kepler, 250 years ago, noticed a 
tendency to a regular progression in the distances of the 
planets from the sun, as far as Mars. Twice the distance 
of Mercury from the sun, is nearly the distance of VenuSj 
three times that of Mercury is about the distance of the 

What tiM relative inteniitiei of the solar H^ht at the earth and at Man t What doet 
Fif. 73, represent 1 What did Kepler remark in regard to the solar distances of the planets 1 
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earthy and^wr Urms the distance of Mercury gives almost 
exactly the distance of Mars, But in order to represent 
the distance of Jupiter, between which orb and Mars no 

Slanet in the time of Kepler was known to exist, the 
istance of Mercury must be multiplied not by 5 but 
by 13. 

487. The law appeared here to be broken, and ah im^ 
mense interval of 360,000,000 miles, extending between 
Mars and Jupiter, to be unoccupied by a single planetary 
body. Kepler imagined that m order to preserve the 
harmony or distance another planet existed in this vast 
spaccj which had hitherto eluded the searching gaze of 
astronomers. 

488. For two centuries nothing was done to verify or 
overthrow this hypothesis of Kepler; but when in 1781 
Uranus was discovered by Sir Wm. Herschel, an im- 
pulse was given to astronomical investigations, and an 
association of astronomers commencea a systematic 
search for this supposed planet, whose probable distance 
they determined oy the law of Bode. Ere long instead 
of one, four small planets were discovered to which were 
assigned the names of Ceres, Pallas, Juno, and Vesta. 

489. Nearly 50 years more elapsed when the search 
was renewed in the same region of space, and the dis- 
covery of tweniy^nine additional asteroids has rewarded 
the labors of the astronomer. 

490. Two circumstances enable an observer to dis- 
tinguish a planet from a fixed star. First, the latter 
class of heavenly bodies as ordinarily viewed, always 
keep at the same distance from each other. Secondly, 
how much soever a floced star is magnified, it still ap- 
pears as a mere point of light on account of its immense 
distance from us, while a planet has a round disk like the 
moon. When therefore an astronomer, watching a star 
from night to night, beholds it gradxjuiUy approadhing the 
assemblage of fixed stars, that are situated on one side 
of it, suid receding from those on the other, he pronoun- 

WhMe waf this law broken t What did this fact l«ad him to think 1 Wa« any thing 
done by the aitronumen, who immediately succeeded Kepler to confirm or overthrow 
his hypothesis ? When was a new impalse given to astronomical research, and why Y 
What was then doneby astronomers 1 What success has attended this search for plaoeU ? 
How etn a pUuut be distinguished from •.fixed star 1 



Digitized 



by Google 



224 SOLAB SYSTSK. 

cesit at once a planet; and if he is also able to discern a 
round weU-deJined disk he possesses an additional proof of 
the planetary nature of the body. 

491. The discovery of planets has been very much 
facilitated by the use of cdestial maps and charts^ where 
the stars are now laid down with such precision, that if 
one, which has been regarded as fixed, is really sl planet, 
its departure from the place assigned it on the map is 
very soon detected, and its true character known. 

492. We shall now proceed to speak briefly of the 
several asteroids, taking them in the order of their dis- 
covery. 

CERB3. ? 

493. On the 1st of January, 1801, Prof. Piazzi, of 
Palermo, while searching for a star which was mapped 
down on a star-chart, but which he could not find in the 
heavens, observed an object near the place of the missing 
orb, shining like a star of the eighth magnitude^ and 
which he took at first to be a comet, but which proved 
to be a planet. It was soon afterwards lost sight of on 
account of its nearness to the sun, but on the 1st of 
January, 1802, it was re-discovered by Dr. Olbers, of 
Bremen. In March, 1802, a friend of Prof. Bode, beheld 
the planet with the naJced eye, though it generally re- 
c[uires the aid of a telescope m order to be discern^, as 
it is just beyond the limit of unassisted vision. 

494. The smallness of Ceres has precluded any very 
exact measurements of her size. According to Sir Wm. 
Herschel's observations she is only 163 miles in diame- 

1. Eighth magnitude. The stars are dmded into elasMet aooordingr to 
their apparent brightnese. The brighteet are termed stars of the firet 
magnitude. Those which are nearly as brilliant, but whose splendor is yet 
perceptibly less, belong to the eecond magnitude. This classification is 
extended down to the eixteenth magnitude. The tixth or eeventh magni- 
tudes includes the smallest stare vmble to the naked eye under the most 
&yorable circumstances. All the stars below these magnitudes require a 
telescope to render them discernible. In Part III. this subject will be 
more fiilly discussed. 

What ba« facilitated the diicoreiy of planet$ ? Of what bodies are we now to speak % 
By whom was Ceres disooveredl Wbmi and ander what ctremnstaBcei 1 How la^ge 
does she appear 1 
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ter, and this determination is regarded as the most ac- 
curate which has been attained. Her mean distance 
from the sun is 263,713,000 miles, she revolves around 
it in about 1,681 days, and the inclination of the plane 
of her orbit to that of the ecliptic is little more than 
10° 37''. This planet shines with a pale reddish lights 
and a slight haziness that envelopes it has led* some to 
think, that it is possessed of an atmosphere. The sym- 
bol of Ceres, the goddess of agriculture, is the sickle, 

PALLAS. $ 

495. While Dr. Olbers on the 28th of March, 1802, 
was examining various groups of stars, which lay near 
the path of the planet Ceres, he found a star in a posi- 
tion where he was certain none was visible during the 
two preceding months. The observations of the same, 
and the succeeding evening showed that it evidently 
moved among the fixed stars — a new planet was found, to 
which the name of Pallas was given, and the lance head 
indicative of the character of the goddess was selected 
as its symbol. 

496. Pallas shines as a star of the seventh magnitude 
with a fine yellowish light. A haziness, less dense than 
that which belongs to Ceres, has been noticed by some 
astronomers encircling the planet, and has led them to 
conjecture that Pallas is also surrounded by an at- 
mosphere. 

497. The most reliable measurement of the size of 
this planet is that taken by Dr. Lament, of Munich, who 
makes its diameter to be 670 miles. Its mean distance 
from the sun is 264,266,000 miles, its periodic time 
1,687 days, and the inclination of the plane of its orbit 
to that of the ecliptic 34** 37'' 20^^ 

JUNO. 5 

498. This asteroid was discovered by Prof. Harding, 

Wbat it her <{»aiii«eer? ^e«i *W«r rfMteiwM wid |wn>*c time 1 What is the {ne/tna- 
limi of the plane of her orbit to that of the eelipCte 1 What is her color 1 Has she an at- 
mosphere? What is her symbol? Who discovered Pallas, and in what manner? At 
what time ? What is her symbol 1 How laf«e does Pallas appear ? Has she an atmos- 
phere ? What is her diameter ? Mean eolar Hetanee and periedie Ume t What is the 
inelittatum of the plane of her orbit ? 
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of Lilienthal, on the 1st of September, 1804, while fonn- 
ing charts of small stars lying in the paths of Ceres and 
Pallas. At ten o'clock on the evemng of this ^ay he 
observed a star near several others in the constellation 
of the Fishes, which on the evening of the 4th had 
changed its place, and continued to do so night after 
night. The name of Juno was given to this planet, and 
as Juno was queen of Olympus, a sceptr^ crowned by a 
star was chosen as the symbol of the asteroid. 

499. This planet appears as a reddish star of the eighth 
magnitude. Its mean distance from the sun is 254,- 
312,000 miles, its period of revolution 1,592 days, and 
the inclination of the plane of its orbit to that of the 
ecliptic is 13** 8' 17^^ 

VESTA, fi 

600. After the discovery of Pallas, Dr. Olbers noticed 
that the orbits of Pallas and Ceres approached very near 
each other at one of the nodes of Pallas, a circumstance 
which led him to think that these two bodies were but 
Jragments of a larger planet, which once existed between 
Mars and Jupiter, at the mean solar distance of Ceres 
and Pallas, and was shivered to pieces by some tremen- 
dous convulsion. Other fragments yet undiscovered he 
believed were still moving in space, and although the 
planes of their orbits might be differently inclined to that 
of the ecliptic, yet as they all had the same origin he 
supposed tnere must be two points in the orbit of each 
thr(mgh which the rest at some time or other must ne- 
cessarily pass. These two points are the places where 
the planes of the orbits of these fragments intersect one 
anotner. 

501. By watching these points he thought it not im- 
possible that some of the flying fragments might be de- 
tected ; it was in one of these that Juno was found, and 
other planets might reward a systematic search. The 

Br whom wu Juno diseoveredl Wbeni Under what circamttancct 1 What is her tym- 
bol 1 Her color 1 How large doei she appear ? What is her mean selor tUgtanct^peri' 
odic time and the inelinatum of the plane of her orbit 1 After the discovery of Pallas 
what did Dr. Olbers observe 1 What hypothesis did he found upon thit circumstance 1 
State why he thought it possible to discover the other fragments and the method he 
adopted for this purpose 1 
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two pdiuls where the orbits of the three newly discov- 
ered planets mutually intersected, were in the constella- 
tions of the Virgin and the Whale, and in one of these 
two regions the supposed convulsion must have hap- 
pened, and througn this place he conceived the frag- 
ments must; still pass. 

602. Every month the astronomer examined the 
small stars in one or^he other of these constellations. 
On the 29th of March, 1807, he beheld a star of the 
sixth or seventh magnitude in the constellation of the Vir- 
gin at a place where previous examination had shown 
that no star was visible. Upon the same evening he 
found that the object was really in motion, and continu- 
ing his observations until the 2nd of April, he became 
satisfied that this new object was in fact another planet 
The name of Vesia was assigned it, and a Jlame burning 
upon an altar, in allusion to the peculiar rites of the god- 
dess is its appropriate emblem. 

503. Vesta is a small planet having a diameter o{ only 
295 miles, yet when in opposition to the sun she appears 
the brightest of all the asteroids, and can be discerned 
without a telescope by a person of good eye-sight. A 
difference of opinion exists respecting the color of Vesta ; 
some considering the planet to be of a i^vddy tinge, 
others perfectly white, wnile to Mr. J. E. Hind, who has 
repeatedly examined it with glasses of various magnify- 
ing powers, it has always appeared of a pale yellowish 
hue, 

504. The distance of Vesta from the sun is 225,000,- 
000 miles, and the period of her revolution 1,325 days. 
The plane of her orbit is inclined to that of the ecliptic 
7° 8^ 25^^ 

astreaUI 

505. Dr. Olbers continued his systematic search 
among the small stars in the constellations of the Virgin 
and the Whale, with unwearied assiduity until the year 

When did Dr. Olben discover the foarth aiteioid ? Bute the einmimtences atteoding 
the diteovery 1 What name wa* atfigned it ? What is the size of Vetta 1 What is her 
iiamUerl Splendor 1 Color 1 Her irmn telar di»taMC», ptriodU time, inclination t>t 
her orbit 1 Did Dr. Olbers detect any other phioet 1 
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1816 ; but no new planet was detected, and he then 
abandoned his examination, regarding it as useless to 
continue it any longer. But sdl the members of this 
remarkable group of planetary bodies had not yet been 
discovered. 

606. On the 8th of December, 1845, while Mr. Hencke, 
of Driessen, was engaged in his astronomical labors he 
perceived in the constellation of Taurus a smaU star, that 
was not mapped down in an excellent star-chart which 
he was then comparing with the heavens. He at once 
concluded that it was a new planet, and ere three weeks 
had elapsed its motion among the stars was fully estab- 
lished. At the request of the discoverer, the renowned 
astronomer Encke named the planet, which he called 
Astrea, 

507. Astrea shines with a faint Ughi. She can not 
be seen without a good telescope, for even under the 
most favOTable circumstances, her brightness scarcely 
exceeds that of a star of the ninth magnitude. This 
planet is distant 245,622,000 miles from the sun, and 
revolves about it in 1,511 days. The incliruxtion of the 
jdane of its orbit to the ecliptic, bemg 5* 19^ 23''. As- 
trea being the goddess of justice, the equaUy poised scales 
has been adopted as the sign of the planet 

HEBE. S 

508. Mr. Hencke still continuing to compare his star- 
mai)s with the heavens, found on the Ist of July, 1847, 
a minute star neither marked down on his star-chart, 
nor seen by himself, on a previous examination of the 
heavens, in the place where he now saw it. Bepeating 
his observations at midnight, on the 8d of July, he 
found it had changed its place among the stars ; he there- 
fore pronounced it si, planet, and before long it was recog- 
nized as such at all the principal observatories in Europe. 

509. The new asteroid was called Hebe, and a cup, 
symbolical of the office of this divinity, was adopted as 

How kmf did he eontinoe his teanh t Whj did be lelinqaish it 1 State «il«ii, by 
wAom, aod under what cireumHaneei Attrea wa« diteovered 1 Describe Astrea ? What 
is ber $olar dutanee^ periodic tim; and tbe ituUHOtUm of her orbit 1 What is her sign t 
State by whom, Aow, and when Hebe was disoovered 1 
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its sign. The indincttion of tlie orbit of Hebe is 149 
4& 82"^ her distance from the sun 231,089,000 miles, and 
the jperiod of her revolution 1,879 days. A ruddy kae 
tinges the planet 

510. The system of comparing star-maps with the 
heavens, was at this time pursued by other astronomers 
as well as by Mr. Hencke, and with like results. In 
this field of research Mr. J. Eussell Hind, of London, 
has especially distinguished himself. In November, 
1846, he commenced a close and extensive examination 
of the heavens, with the aid of star-charts and maps, but 
no immediate discovery of any planetary body rewarded 
his labors. After nine months of patient observation, 
success began to crown his efiForts. On the 13th of 
August, 1847, he noticed a body like a star of the eighth 
magnitude, at a place where no star had been seen 
before. He watched it closely, and in an hour it had 
changed its pla/x so much as to leave no doubt of its 
being b, planet Within a short time it was seen from 
the principal observatories on the Continent. 

511. The new asteroid received the name of Iris, and 
in allusion to the nature of the goddess a semi-circle rep- 
resenting a rainbow with a star in the centre, and a line 
joining the extremities forms the symbol of the planet. 
Iris revolves about the sun in 1,346 days, at the mean 
distance 227,334,000 miles. Her orbit is inclined to the 
ecliptic 5** 28^ 1&'\ The 5&« of the planet has not yet 
been ascertained. 

FLORA. yX 

512. A little more than two months elapsed after the 
discovery of Iris, when, pursuing the same method of 
research, Mr. Hind had the pleasure of discovering an- 
other planetary body. On the 18th of October, 1847, 

Give a fall acc<»unt of this asteroid 1 Wbat is laid fespectinf Mr. J. Russell Hind 1 
When did he first dtseover a planet, and in what manner 1 What name was fiven to this 
Mw body 1 What is the symM of Iris 1 What her ptriodie Ume, geUtr dtttane*, and 
what the ineUm ati t n of hm orbit 1 Do< wa know any thing respecting the ilie of thii 
planet 1 
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at 11 o'clock in the evening, he noticed a smaU bright 
object like a star of the eighth or ninth magnitude, in the 
constellation of Orion, at a point where no object had 
been previously observed. The occurrence of clouds 
prevented any further observation until 8 o'clock, when 
the chan^ of place during the four hours that had 
elapsed since it was first beheld, was so marked as to 
decide at once the planetary nature of the bodv. 

613. The name of Flora was given to the planet, and 
a flower called the rose of England was selected as its 
emblem. The light of Flora is of a reddish hue^ her 
mean distance from the sun, is 209,826,000 miles, and 
her periodic time 1,193 days. The inclination of the 
plane of her orbit to the ecliptic is S*" 53^ 03'^, a little 
more than that of Iris. The diam>eter of the planet has 
not yet been ascertained. 

514. On the 25th of April, 1848, Mr. Graham, of Mark- 
ree Castle in Ireland, detected a star of the tenth magni- 
tude in a position where none had been noticed before. 
On the foUowing evening it had changed its position so 
decidedly as to establish at once its nature as a planet 
It received the name of Metis, and a star with an eye 
constitutes its si^. 

515. Metis shmes with a fainter light than Flora and 
Iris, and requires a good telescope to see her welL The 
magnitude of this asteroid has not ye^t been determined. 
It revolves about the sun in 1,347 days, at the mean 
distance of 227,887,000 miles, its orbit having an inclina- 
tion to the plane of the ecliptic of 5'^ 85^ 55^^ 

HTOBIA. @ 

516. Scarcely a year elapsed after the discovery of 
Metis before another memb^ was added to this numer- 
ous cluster of planets, iEbr on the 12th of April, 1849, 

Relate all that it said letpeetinf Fl<wa t When and br whom was Metis discovered 1 
What U said Kspeetiof it? What is the nu^putu^ of this asteroid, ^eHMic traw, «efar 
duUmett and what the tnelinatum of her orbit ? 



Digitized 



by Google 



PARTHENOPB, 28fll 

Dr. Gasparis, the asgistant astronomer at the Eoyal Ob* 
servatory at Naples, observed a star of between the 
ninik and tenth magnitude^ in a situation where no Star 
had been visible at any previous examination. The ob- 
scurity of the sky prevented any further observations 
until the evening of the 14th, when the object had per- 
ceptibly changed its phcej thus proving itself to be a 
planet It has received the appellation of Hygeia. 

517. No measurements have been made of the dia/me- 
ter of the planet, its distance from the sun is about 300,- 
822,000 miles, and its periodic time is nearly 2,044 days. 
The inclination of its orbit to the ecliptic is estimated 
at3'»47ai^^ 

518. The symbol of Hygeia, is a circle inclosing the 
figures denoting the num&r of the asteroid in the order 
of discovery ^ 

PABTHENOPE @ 

519. On the 11th of May, 1850, Dr. Gasparis succeeded 
in discovering another planetary body ; for on the eve- 
ning of this day he observed a bright object shining like 
a star of the ninth magnitude which perceptibly changed 
its position among the fixed stars. Upon the news of 
the discovery astoonomers were oji the aJert, and before 
the end of tne month the asteroid was seen from many 
of the European observatories. To identify it with the 
place of its discovery, the new planet was called Parthe- 
nope, a nymph of mythology after whom the city of 
Naples was formerly called. The periodic time of Far- 
thenope is estimated by astronomers to be 1,401 days, 
her mean solar distance 233,611,000 miles, and the incli- 
nation of her orbit 4* 36^ 54^^ 

1 . This system of symbols was proposed by eminent astronomers, after 
a large number of the asteroids had been disoovered, and ihete was 
every reason for believing, from the previous success in this field of 
research, that many others were yet to be foimd. 



When, by whons^ uid under what cireamstaneei wai the next planet detected ? What 
name wai given it? What is iti diameter^ ariar distance^ and periodic time ? What it 
the indinatum of the orbit of Hyseia 1 What it the tymbol of Hvgeia 1 State what it 



How wat the diieove^ made 1 Wat the new asteroid soon identified 1 What name wat 
attigned it ? Why t What it known respecting the ptrwdie time, aolar distance^ and the 
indinatwm of the orbit of Parthenope ? 
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VICTORIA, OE CUO. ^ 

520. On the 18th of September, 1860, Mr. J. R Hind, 
the discoverer of Flora and Iris, observed in the constel- 
lation of the Winged Horsie (Pegasus,) a star of the 
eigfiih magnitude, near another which had frequently 
before been examined without the presence of its bright 
attendant being noticed. A peculiar appearance which it 
presented satisfied the observer that a planet was in 
sight, and that it was a new one, for all the hnovm mem- 
bers of the asteroid group were then in diflferent parts 
of the heavens. In less than an hour the bright object 
had moved visibly to the west, at such a rate as to leave no 
doubt that it was another planet belonging to the group 
existing between Mars and Jupiter. 

521. The names of Clio ana Victoria have been pro- 
posed by Mr. Hind from whence to select an appellation 
for the planet. The discoverer and the principal Euro- 
pean astronomers have chosen the former, while their 
American brethren prefer the latter. The symbol of 
Victoria is a star surmounted by a laurel branch. 

522. This asteroid revolves about the sun in 1,802 
days at the mean distance of 222,373,000 miles, the in- 
clination of her orbit being 8° 23^ 7'\ When beaming 
with her greatest brilliancy, Victoria resembles a bluish 
star of the eighth magnitude, but at other times, when 
her distance from our globe is much increased, she 
shines with scarcely more light than a star of the eleventh 
magnitude. Nothmg is known respecting her actual 
size. 

BGEMA. @ 

523. On the 2nd of November, 1850, Dr. Gasparis, 
the discoverer of Hygeia and Parthenope, detected -the 
thirteenth member of the asteroidal group in the consteHa- 
tion of the Whale, {Cetus,) the region where Olbeig had 
made his examinations. The planet is much fainter than 

State token and by whom Victoria or Clio was discovered 1 Give an aceonat of this 
discovery ? Which name is adopted in Europe ? Which in America ? What is the 
symbol of Victoria 1 Periodic time? Solar distance? Inclination of her orbit? 
What is said respecting her brightness and appearance 1 Do we know any thing in le* 
gard to her real magnitude 1 When was Egeria discovered ? By whom T 
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Victoria, and sWnes as a star of tlie ninOh magnitude. 
The name of Egeria has been given to this body. The 
period of its revolution about tne sun is 1,505 days, its 
mean solar distance 244,940,000 miles and tiie iruilinaiion 
of its orbit to the ecliptic 16° 33" T' 



7// 



IBENS. Ai^ 

524. Another asteroid was discovered by Mr. J. R 
Hind in the constellation of the Scorpion on the 19th 
of May, 1851, and four days afterwards by Dr. Gasparis 
of Naples. It appeared to the discoverer as a blue star 
of between the eighth and ninth magnitude, and seemed 
to be invested with a dim hazy envelope like an atmos- 
phere^ which was not discerned around those stars which 
shone with equal brightness. Within half an hour of the 
time when it was first seen its planetary nature was es- 
tablished beyond dispute. 

525. The planet received the name of Irene^ in allu- 
sion to the general peace then prevailing throughout 
Europe. The emblem of this asteroid is a dove with an 
olive branch and a star on its head. According to the 
most reliable calculations the solar distance of Irene is 
246,070,000 miles, and her periodic tirm 4,15 years, 
or 1,516 days. The inclination of her orbit to the eclip- 
tic is estimated at 9° 5" 33"^ 

EUNOldA. @. 

526. The labors of Dr. Gasparis were still ftirther 
crowned with success, for on the night of the 29th of 
July, 1851, another small planet was discovered by this 
astronomer, shining as a star of the ninth magnitude. 
Dr. Gasparis gave this planet the name of minomiaj 
who according to the classic poets, was a sister of Irene. 
Eunomia revolves about the sun in a period of 1,574 

What is her majpiitude, veriodie time, solar distanetj and the inclination of her orHt f 
State when, by whom, and under what circumstancet Irene wat discovered t Why so 
called 1 What is her srmbol 1 What is her solar distance, periodic time, and th« 
tnelhuUion of her orbit ? Who discovered Eunomia, and when 1 What is her magmi- 
tuda% WhaXiMxperiMUeiimI 
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days, and at the dista/nce of 252,300,000 miles. The 
inclination of her orbit is 11^ 43^ 6(y\ 

527. The rest of the newly discovered planets have 
been found so rapidly that at present very little is 
known respecting them, except their elements^, and even 
these are not yet ascertained with perfect exactness. 

PSYCHE. @ 

528. This asteroid also was discovered by Dr. Gaspa- 
ris on the 17th of March, 1852. It appears like a star 
of between the tenth and eleventh magnitude. The solar 
distance o{ Psyche is 278,630,000 miles, and the inclination 
of her orbit 3° 3^ 37^^ Her periodic time is 1,835 days. 

THEHS. @ 

529. Thetis was discovered by Mr. Luther at the ob- 
servatory of Bilk near Dusseldoif, on the 19th of April, 
1852. The light of this planet is very fiiint. Its dis- 
tance from the sun is 222,600,000 miles, the inclination 
of the plane of its orbit to that of the ecliptic, 5° 42^ 
82^', ana ita periodic time 1,310 day& 

ILBLFOMEKE. @ 

630. Mr. J. R Hind discovered on the 24th of June, 
1852, the eighteenth asteroid to which the above name 
was given. It appeared like a star of the ninth magni- 
tude, shining witn a steady yellowish light The solar dis- 
tance of Melpomene is 218,080,000 miles, the inclinoMon 
of her orbit 10° 10^ 38^^, and her periodic time 1,270 days. 

1. The elements of a planet are certain particulars respecting it, which 
are necessary to be known, in order to ascertain its position in the heavens 
at any time. They are, 

1. The mean longitude of the planet at any particular date, 

2. Longitude of the perihelion, 

3. Longitude of the nodes. 

4. Eccentricity of the orbit 

5. Inclination of the plane of the orbit to that of the ecliptic, 

6. The periodic time of the planet. 

7. Its mean distance fiom the sun. 

Solar dtstmue^ and the indtnation of her orbit ? What is laid vaapectinf the twt of th« 
aew^ diseoTerad planeto 1 Qif an account of Psyche, Theti*^ Melpomene. 



Digitized 



by Google 



FORTUNA-—MASSAIXAL--XtnarriA.— CALLIOPE. 2S5 
fOBTUNA. @ 

531. On the 22d of August, 1852, Mr. J. R Hind 
discovered still another asteroid, shining like a star of the 
ninth magnitude. It has received the name of Fortuna^ 
and is distant fipom the sun 232,360,000 miles. The incli- 
nation of her orbit is 1° 33' 18% and her periodic time 
1,397 days. 

ICASSALLL @ 

532. Massalia was discovered by Dr. Gasparis of 
Naples on the 19th of September, 1852. The inclina- 
tion of the orbit of this asteroid is 0° 50' 16% its distance 
from the sun 225,700,000 miles, and its periodic time 
1,338 days. 

LUTETLL @ 

633. This planetary body was found by Mr. Gold- 
j^ipidt, of Paris, on the 15th of November, 1852. It 
resembles a star of between the ninth and tenffi magni- 
tude. Its solar distance is 249,456,000 miles, and its 
inclination 3** 19' 50^^ 

CALLIOPE. @ 

534. Oailiope was discovered hj Mir. J. R BGnd, on 
the 16th of November, 1852. This asteroid in bright- 
ness ranks between the ninth and tenth magnitude, the 
inclination of its orbit is 14° 20^ 13''^ and its distance 
from the sun is 279,423,500 miles. 

TEUIL @ 

585. The twenty-third asteroid was discovered by Mr. 
J. R Hind on the 15th of December, 1852. It resem- 
bles a star of between the tenth and eleventh magnitudes, 
shining with SLpak blue light The name assigned this 
planet is Thalia. The distance of Thalia from the sim 
IS 155,135,000 miles. The inclination of her orbit is 
10° 19^ 27'^ 

6iv« an icoovnt of FortaM, MaiMUa, Lototia, CaUMp«» ThalUu 
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THEKia @ 

536. Themis was discovered by Dr. Chisparis of 
Naples, on the 5th of April, 1853. This planet ranks 
in brightness with a star of the twelfth magnitude. Its 
tncltncUion is O^ 58'' 47^', and its solar distance is 345,- 
752,500 miles. 

FHDCOBA. ® 

537. On the 6ih of April, 1853, Mr. Chaoomac of 
Marseilles found a new planet which he called Phocoecu 
It is of a &Ztieoo29r and resembles a star of the mnt& mag* 
nituda The indinatton of the plane of the orbit of 
Phocoea to that of the ecliptic 0^ 2V 24"', and her dw- 
tance &om the sun 225,739,000 miles. 

PBOSEBPm. ® 

538. Mr. Luther of the observatory of Bilk, discov- 
ered the twenty-sixth planet of the asteroid group, on the 
5th of May, 1853. it ranks in splendor between stars 
of the tenth and eleventh magnituae, and tiie indina£on 
of its orbit is 3*^ 36" 14"". Proserpine is distarU from 
the sun 249,204,000 miles. 

SUTERF& @ 

539. This asteroid was found by Mr. J. R Hind, on 
the 8th of November, 1853. It is inferior in brilliancy 
to stars of the ninth magnitude. Mtterpe^s distance fix)m 
the Sim, is 214,706,650 miles, and her periodic time 3,397 
years, or 1,241 days. The inclination of her orbit is 
P26". 

BEELONA. @ 

540. Bdlona was discovered by Mr. Luther of Bilk^ 
on the 1st of March 1854. The planet ranks in bright- 
ness with a star of the tenth magnitude, the inclination of 

OiTsaBtceooatofTlMmif, PboMa, ProMrpina, Eaterpt^ and B«Uom. 
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its orbit is 9* 27^ Ifr'", and its solar distance 264,850,500 
miles. 

AMPHITRITE. @ 

541. This planet was discovered by Mr. Albert Marth 
of London, on the 2d of March, 1854. In brightness it 
resembles a star of the tenth magnitude. The inclma' 
tion of its orbit is 6° 4' 6^^, and its solar distance is 
241,898,500. The periodic time -of Amphitrite is 1,484 
days. 

UEANIA. @ 

542. This planetary body was discovered by Mr. 
J. R Hind of London, on the »2d of July, 1854. It is 
another member of the group of asteroids, and in bridhit- 
ness is between the nindi and the tenth magnitude. The 
inclination of the plane of its orbit to that of the ecliptic 
is estimated at 0^ 56' 48^^, and its sohr distance at 224,- 
041,350 miles. 

SUPHBOSTNE. @ 

543. On the 1st of September, 1854, Mr. Ferguson, 
of the observatory "Washington City, D.C., detected the 
thirty-first asteroid which he named JSuphrosyne. The 
inclination of her orbit, according to the calciilations of 
Prof Keith, is 22° 39" 14^^, and her distance from the 
sun 280,060,000 miles. 

544. Mr. Ferguson enjoys the distinction of being the 
Jlrst American who has discovered a planet. 

paMONA. @ 

545. This planet was discovered by Mr. Goldschmidt 
of Paris, on the 28th of October, 1854. The elements 
of Pomona have not yet been computed. 

POITMNIA. (g) 

546. During the same day on which Pomona was dis- 

Give an accouDt of Amphitrite. What is Jtaown respecting the 30th asteroid 1 What 
in regard to Euphroejne, and Pomona. 



Digitized 



by Google 



tB8 SOLAB SYSTBIL 

covered, Mr. Ghacomac of Paris, found another asteroid 
which has received the name of Polymnia, None of the 
elements of Polymnia have yet been ascertained. 

547. The system pursued in naming new plan- 
ets. Since the planets that have been long known were 
named after fictitious personages in classic mythology, 
astronomers have in general, deemed it best to pursue, the 
same plan in giving appellations to those which have 
lately been discovered. A diflference of opinion in this 
respect has however existed, and the planet has in some 
instances been named after the discoverer or some other 
distinguished person. There are several objections* to 
the last methoo, and the original system will doubtless 
prevail. 

648. Olbers' Theory. In regard to the bearing 
which the discovery of so many asteroids has upon the 
correctness of the theory of Oltlers, Mr. J. R Hind made 
the following remarks, when only the ffieenih asteroid 
was found. " The idea of the German astronomer has 
been so strongly countenanced by the discoveries of the 
last five years, that we can not fairly reject it until an- 
other theory has been advanced, which would account 
equally well for the peculiarities observed in this zone of 
planets, however unwilling we may be to admit the pos- 
sibility of such tremendous catastrophes, and notwith- 
standing the great diflference in the mean distances of 
Flora and Hygeia,* the innermost and outermost of the 
zone. Yet it is singular that this group appears to sepa- 
rate the planets of small mass, from the greater bodies 
of the system, the planets which rotate upon their axes 
in about the same time as the earth, from those which are 
whirled round in less than hjdf that interval, though of 
ten times the diameter of our globe. And it may yet be 

1. One objeotion to this method is the fiict that in many instaDces teverdl 
planets have been disoovered by the same astronomers. Another has been 
fiioetionsly nrged agamst it on the ground, that if a planet was disooTered by 
some Russian astronomer, his English and American brethren would be 
unable to prcmounoe its name. 

2. Themis instead of Hygeia is now the outermo9t planet of the aste- 
roid group. 

Wbatinranrdtorolyainia. AeeordiDg to what tyttam are new pbneCi nvned ? Give 
the raaiarks «^lir. J. R. Hind in leepeet to the origin of the aateioidi. 
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found thsLt these small bodies so far from being portions 
of the wreck of a great planet, were created in their pres- 
ent state for some wise purpose, which the progress of 
astronomers in future ages may eventually unfold." 

JUPITKR. U 

549. Periodic Time — ^Distance. Next in order 
from the sun is Jupiter, the most magnificent planet that 
illumines the sky. Its periodic time is 4,332 days, or 
somewhat more than twelve of our years. The mean 
distance of Jupiter is 495,817,000 miles, but owing to 
the eccentricity of his orbit this element is quite variable, 
for at his perihelion he approaches within 471,937,000 
miles of the sun, while at nis aphelion^ he recedes, to the 
distance of 519,697,000 miles from this luminary. The 
difference between these two distances is 47,760,000 
miles, an extent equal to one half the solar distance of 
the earth. 

550. Diameter — Apparent— Eeal. This planet 
for the reasons already given (Art. 177,) appears larger 
to us in opposition than in conjunction ; m the former 

Eosition its apparent diameter measures 47^'' and in the 
itter only 30"^. The real mean diameter according to 
Prof Struve is 88,780 miles. 

551. Ellipticity — Bulk. The ratio between the 
polar and equatorial diameters derived from the most 
recent measurements is as 947 to 1000: but Prof 
Struve considers the inequaUty to be greater, being as 
85 to 92, Eegardingthe/r5< roUio as correct, the polar 
diameter of Jupiter is less than the equatorial by more 
than 4,800 miles, a quantity exceeding the radius of the 
earth. The hulk of the planet is more than twelve hun- 
dred times greater than that of the earth. 

552. Physi(;;a.l Aspect of Jupiter — Belts. When 
this beautiful planet is seen through a telescope, no con* 
figurations are beheld on its surface, marking the posi- 
tions of continents and seas, as is the case of Mars, but 

What n the next planet in order, from the san ? What it his periodic time 7 Wn sittar 
tUstanee 1 What it the difference between hit perihelion and apkelionHittAoeek 1 What 
i« the magnitode of his apparent diameter 1 What the extent of his reai diameter T 
What is said respecting the ellipticity and hulk of this planet? How does Japiter ap- 
pear when viewed through a telescope ? 
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dark hands tenned belis are seen, stretcliing from side to 
side in the same direction. They are by no means uni- 
form in their appearance, and although for months they 
sometimes remained unchanged, they are yet liable to 
sudden and extensive alterations in their breadth and 
sitvaiionj though not in respect to their general direction. 
In a few rare instances they nave been seen broken up and 
distributed over the entire disk of the planet Branches 
are frequently observed diverging from the main belts, 
and dark spots have likewise been noticed, of which as- 
tronomers have availed themselves to ascertain the 
period occupied by the planet in revolving on its axis. 

The views generally entertained by astronomers in 
respect to the cause of the belts are the following. It is 
supposed that Jupiter is surrounded by a luminous a^ 
mospheric envelope, which conceals for the most part the 
planet itself and that this bright canopy is parted by nar' 
row openings parallel to the equator of Jupiter. That an 
observer on the earth looking through these openings sees 
the dark surface of the planet, and that the glimpses thus 
caught of the soUd body constitute the narrow dusky 
bands or belts. 

553. These rents in the atmosphere of Jupiter, are sup- 
posed to be caused by currents, like our trade winds, but 
vastly more powerful owing to the immense velocity 
with which the planet rotates, and the variations in the 
action of these winds upon the atmosphere of the planet 
would account for the changes that are noticed in the 
aspect of the belts. The appearance which Jupiter 
displays when seen through a telescope is shown in 
Fig. 74. 

554. Rotation. By observing a remarkable spot on 
Jupiter, Cassini, a distinguished Italian astronomer, as- 
certained in the year 1665, that this planet revolved 
upon its axis, completing a rotation in^bout 9h. 56in. 
Modern observations have established these conclusions, 
for the most able astronomers of the present day with 
the superior instruments they now possess, make the 

Bescribe the beltt and their ekangta ? Whst it the pravmUing opinioa of Mtfonoaert 
as t6 the eau9§ of the belts ? How are the changes in the appearanee of the belts sup- 
posed to arise 1 At what time, and by whom, was the rotation of JvtfAtm Moeitained 
and its period determined 7 
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JUPITER AND HI8 BBLTl. 



period of rotation very nearly the same. Mr. Airy the 
Astronomer Eoyal of England has fixed it at 9h. 65m, 
21sec., and Madler of Germany, at 9h. 55m. SOsec. 

555. Velocity of Eotation. The velocity with 
which this planet revolves on its axis is immense. In 
less than ten hours a particle on the surface of the planet 
at its equator sweeps through the whole extent of its 
circumference, or 2,789,000 miles. Its velocity there- 
fore exceeds 4,658 miles a minute, a speed two thousand 
times greater than that of a cannon ball. 

556. Mass — ^Density. The quantity of matter in Ju- 
piter, according to the latest researches of Prof. Bessel, 
IS to the mass of the sun in the ratio of 1 to 1047,87 ; 
in other words the sun contains nearly one thousand and 
forty-eight times as much matter as Jupiter. The density 
of this planet is about onefourih that of the earth, (yVytihs.) 

557. Satellites of Jupiter — ^their discovery. A 
splendid train of four moons or satellites are seen by the 
aid of the telescope, circling around this planet. They 
were discovered by Galileo of Padua, on the 8th of Jan- 
uary, 1610, and were the first fruits of his invention of 

Whnt is iti ptriod ? What it mid rtspeetinf the vdoeity of rotation 1 What of the 
mA»« and iieii«tt|r of Jupfter ? How many moons has Jupiter? Bj whom, when, and 
how were they discovered 1 
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the telescope. From that time to the present they have 
ever engaged the attention of astronomers, and their 
eclipses have been eminently serviceable in certain scien- 
tific investigations of which we shall soon speak. 

568. Their magnitudes — diameters — distances — 
AND periods of REVOLUTION. No names have been 
given to these moons, but they are denominated the firsts 
second, third, 2ind/burth satellites, according to their distan- 
ces from Jupiter, the^r^^ being the nearest They shine 
as stars of between the sixth and seventh magnitude, but 
on account of their nearness to their brilliant primary, 
the telescope is needed to discern them. Their respec- 
tive diameters, distances, and periods of revolution around 
Jupiter, are given in the table below. 

DIAMETER. DIIT. FROM JUPITER. PERI008 OF REVOLDTION. 

First Satellite, 2,440 miles, 278,500 miles, Id. 18h. 27m. 34sec. 

Second, ** 2,190 " 443,000 " 3d. I3h. 14m. 36seo. 

Third, " 3,580 " 707,000 " 7d. 3h. 42m. SSsec. 

Fourth, " 3,060 " 1,243,500 « 16d. 16h. aim. 508ec. 

The first two satellites are larger than our moon, 
and the last two greater thsji the planet Mercury; the 
diameter of the third exceeding that of Mercury by 630 
miles. 

559. Kepler's Laws^-Eotation. The satellites in 
their respective distances from the planet Jurater, and in 
their periodic times, obey the third law of Kepler — ^the 
squares of their periodic times being as the cubes of their 
distances from their common primary. An extended series 
of observations upon the periodical changes in their light 
led Sir William Herschel to infer that each of the satel- 
lites revolves on its axis in exactly the same time as it 
completes one synodical revolution al)out Jupiter, thus 
following exactly the same law as our moon does in 
respect to the earth. 

560. The satellites as seen from the equator of Jupiter 
would present the following appearances. The first 
would seem somewhat larger than our moon. The op- 
parent diameters of the second and third would be about 

Whr Are ^'^^y T^arded with interest by nttronoroen ? State their magnitudes^ diamte- 
tffrir, diHance/, and periodic times ? How do they compare In their aetoal dimentiont 
witb Diir mooD and Mercury? Does Kepler*! third law a[q>ly to the satellites ? State 

wbut ti ftD iej in regard to their rotation 1 



^ 



Digitized 



by Google 



TRANSITS AND ECLIPSES OF THE SATELLITES. 243 

two-thirds of that of the sun as viewed from the earth, 
while the apparent diameter of the fourth would be equal 
to one-quarter of that of the first. The planes of the 
orbits in which the satellites revolve, deviate but little 
from the plane' of the planet's orbit, and as the apparent 
diameter of the sun as seen from Jupiter, is only about 
one-sixth of the apparent diameter of the ^r^^ satel- 
lite, solar eclipses must be of common occurrence to the 
residents at Jupiter's equator, if any such residents 
there are. 

561. Transits and Eclipses of the Satellite^. 
The satellites revolve about Jupiter from west to east, 
and in planes nearly coincident with each other. They 
are therefore seen ranging together in almost a straight 
line, and seem to move backwards and forwards in the 
heaveiis, now passing in front of the planet, and now 
behind it 

562. When they pass before the planet their transits 
occur, and they cast shadows upon tneir primary^ which 
appear as dark spots crossing its oright disk. With pow- 
erful telescopes the sateUites are occasionally seen as 
luminmLs spots, if projected on a dark belt; and at other 
times as dark spots of smaller size than their shadows — a 
circumstance which is accounted for by supposing that 
the satellites themselves have sometimes obscure spots of 
great extent, either on their own bodies or in their 
atmospheres. 

563. In passing behind the body of the planet or into 
its shadow at a distance from it, the satellites disappear 
and their eclipses occur. The three satellites which are 
nearest to Jupiter are totally eclipsed, every revolution 
aroimd their primary, bu£ the fourth, from the greater 
inclination of its orbit, sometimes escapes being eclipsed ; 
yet so seldom, that its eclipses may be regarded as hap- 
pening, for the most part) at eveiy revolution like those 
of the others. 

What would be theraspeettve affront magnitudeiof the satellite* if leen from Japiter*s 
eauatbrial regiom 1 Why are «o/ar ee/<>«e« of frequent oecurreoce at this planet? In 
wnat direction do the sateUites revolve aoout Jupiter? Why are Uiey seen in a straight 
line with each other 1 How do they appear to move in the heavens 1 When do their 
tratuits occur 1 Describe them 1 Why do the satellites sometime appear as dark spots 
on the disk of Jupiter ? Under what circumstances do their eeliptu happen 1 State what 
k said of their frequency 1 
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564. By the aid of these latter phenomena, astrono- 
mers have been enabled to construct tables of the mo- 
tions of the satellites, and likewise to determine approxi- 
mately the longitudes of places upon the earth. More- 
over, by their means the velocity of light has been ascer- 
tained. This discovery was made under the following 
circumstances. 

565. Velocity of Light. In the year 1675, Olaus 
Boemer, a Danish astronomer, noticed that if the calcu- 
lation of an eclipse of a satellite was made upon the sup- 
position that it would happen when Jupiter was m 
opposition, and the eclipse took place when the planet 
was in conjunction, that the actual time of the eclipse was 
later than the computed time by 16m. 26,6sec. On the 
contrary, if the calculation was made in view of Jupiter^ 
being in opposition, and the eclipse took place when be 
was m conjunction, that then the actual time of the ©cHpse 
was earlier than the predicted by 16m. 26,6sec. 

566. Now the difference of the distances of Jupiter 
from the earth when in conjunction and opposition is the 
diameter of the eartli^s orbit, or about 190,000,000 miles. 
This is evident from Kg. 75, where S represents the sun, 
E the earth, EO its orbit, JO* J' the orbit of Jupiter, J 
the position of Jupiter in conjunction, and J* at opposi- 
tion. Now the distance of Jupiter from the earth at 
conjunction is equal to Jupiter's solar distance (JS,) added 
to the earth's solar distance (ES,) but at opposition it is 
equal to Jupiter's solar distance (j^S,) diminished by the 
earth's solar distance (ES.) The difference in the dis- 
tances of Jupiter from the earth, at opposition and con- 
junction is therefore equal to tiuice the earth's distance 
from the sun (EO,) or nearly 190,000,000 miles. 

567. Koemer suspected that the difference between 
the actual and predicted times of an eclipse, was owing 
to the circumstance that the light from the satellite had to 
travel ^r^- in coming to the earth, when the planet was 
in conjunction than when in opposition, and it was there- 
fore inferred that light passed through the space of 

In what particulars have these phenomena subserve^ the interests of science 1 State 
when, and'vy whom the velocity »f light was ascertained 1 Give a full aecouBt of this 
discovery, ezplaininf from F^ure. 
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190,000,000 miles in 16m. 26,6sec, or 192,000 miles per 
second. ' This conclusion has since been fully established, 
for ttvo o^Aer independent modes of computing the velocity 
of light have since been discovered, both of which give 
substantially the same result as is afforded by the first 

568. The most ancient observation of Jupiter on 
record was made at Alexandria, on the 3rd of Septem- 
ber, 240 years before Christ, when the planet was seen to 
ecKpse a certain star in the constellation of the Crab, 



SATURN. T& 

569. The next planet is Sajtum ; a vast globe inferior 
in magnitude only to Jupiter, but surpassing it in the 
wondrous structure of its system, for Saturn is attended 
by a train of no less than eight satellites and is girdled by 
several rings of stupendous size. . 

1. The velocity per second m obtained by dividing 190,000,000 miles 
by 16ni. 26,^ec. reduced to eecende. In 1 6m. 26,6seo., there are 98^,68ec., 
dividing 190,000,000 miles by this number we obtain as a quotient 192,600 
miles, which is the velocity of light per second. 

^ jk 

What it the velocity of light per teeond as obtained by Roemer 1 b this eomputation 
correct ? Whyt What is the most ancient observation of Japiter on record 1 What 



planet is next discussed 1 



What is said of ita grandeur f 
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570. Distance — Periodical Eevolution and In- 
clination OP Orbit. The mean solar distance of Sat- 
urn, is 909,028,000 miles, but on account of tlie eccentn- 
city of his orbit, he is distant from the sun at his aphe- 
lion 960,070,000 miles, and at his pmhelian 857,986,000 
miles. The solar distance of the planet thus varies more 
than 102,000,000 miles. The time employed by Saturn in 
making one siderial revolviion is 29| years. The mclina- 
tirni of the plane of its orbit to that of the ecliptic is 2^ 
29" 36"". 

571. Form and Diameter. From an extended 
course of observations Sir William Herschel was of opin- 
ion, that the disk of Saturn differed in form from that 
of the other planets of our system; for instead of being 
ovaZ, it seemed an ohhng or parallelogram with the 
comers rounded off. This view was generally adopted 
'by astronomers until a series of actual measurements, 
made by Prof. Bessel of Konigsberg, and Mr. Main of the 
Eoyal Observatory of England, revealed the 'error, and 
proved that the disk of Saturn does not deviate sensibly 
from an ellipse. The form of the planet is therefore 
spheroidal. According to Prof. Bessel, the ratio of the 
equatorial diameter of Saturn to the polar is as 1000 to 
903. The aetual length of the /)rmer, deduced from the 
latest and most exact observations, is 77,230 miles, thj^t 
of the latter computed from the preceding ratio will con- 
sequently be 69738,7. The diflterence being 7,491 miles 
an extent equal to the diameter of the earth. ^ 

572. Bulk — ^Density — ^Intensity of Light. Sat- 
urn is nearly one thousand times larger than the earth. 
His density is about one-sixih that of our planet (yVV^l^s), 
therefore, six cubic feet of Saturn would, therefore, on an 
average contain the same amount of matter as one cubic 
foot of our globe. The intensity of the solar light at 
Saturn is 90 times less than it is at the earth. 

573. Physical Aspect — ^Atmosphebe. Saturn ap- 
pears of Si, pale yellowish hue, and when viewed throueh a 
good' telescope belts are frequently seen upon its surface, 

Tell of Rs solar distance, periodic time, and of the inclination of the plane of its orbit 7 
State what ii said in regard to iuform 7 What it the true form of the planet 1 What is the 
ratio of the equatorial to the polar diameter of Saturn according to Prof. Benell What 
their respective lengths in miles 1 How great is their difference ? State what is said re* 
specting the bulk and densitif of Saturn 1 What in regard to his degree of iUuminaUsm 7 
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but far more fiiint and obscure than those which are re- 
vealed upon the disk of Jupiter, j^ts are rarely 
noticed on this planet ♦ 

574. The changes in the numier and appearances of 
the belts, led Sir William Herschel to think, that Saturn 
is enveloped in an atmosphere of great density. In this 
opinion he was strengthened by the circumstance, that 
when the nearest satellites of Saturn in the course of their 
revolutions passed behind the planet, they seemed, as 
they approached and receded from its edge, to remain 
upon it too long ,* the satellite which is closest to the 
planet lingering twenty minutes behind its computed 
time, and the next fifteen. This detention was only to 
be accounted for by the refraction of the light of the sat- 
ellite through an atmosphere surrounding Saturn. 

575. About the polar regions of this planet, the same 
astronomer repeatedly observed recurring changes in its 
light, and the appearance of extensive chudy spaces, 
which likewise increased the evidence of the existence 
of a dense atmosphere. 

576. Rotation and Inclination op its axis. In 
1793, Sir William Herschel instituted a most diligent 
and thorough observation of the belts, for the purpose of 
determining the time of the rotation of Saturn. He 
watched and noted them with great care through one 
hundred rotations, examining them under varied drcum- 
stances and aspects, and at length came to the conclusion 
that Saturn completes a revolution on his axis in lOh. 
16m. 4sec. ; a result which Herschel was certain could not 
deviate from the truth by so much as two minutes. The 
oxw upon which Saturn revolves is inclined to the plane 
of its orbit 63** 10', a position which tends to give to the 
planet nearly the same diversity of seasons as that which 
our earth enjoys. 

577. Ring of Saturn — its discovery. .When Gali- 
leo in the year 1610, directed his telescope to Saturn, the 
figure of the planet appeared so singular, that he thought 

Deicriba the physical aspects of this planet 1 What circumstance led Sir Wiltiam Her- 
schel to believe that Saturn possessed a dense atmosphere ? State by soA^m, aad in what 
manner the rotation of the planet was ascertained t What is the period of rotation as de- 
termined by Herschel 1 Is it exaetiv correct 1 What is the inclination of the axis of ro- 
tation to tlie plaoe of the planet's orbit 1 What is said of the teasona of this planet 1 
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it consisted of a large globe with a smaller one on each 
side. About 60 jrears afterwards Huyghens, a distin- 
guished Dutch philosopher, observed Saturn with tele- 
scopes of greater magnifying power than those which 
had been employed by Galileo, and soon made the dis- 
covery that the planet was surrounded by a vast lumin- \ 
ous ring^ unconnected with the body of the planet. 

578. When the telescope had been still farther im- 
proved, and instruments of higher magnifying powers 
and finer construction were at command, two English 
gentlemen of the name of Ball, in October, of the year 
1665, first noticed that the ring was double ; a phenome- 
non which was observed by Cassini at Paris; 1675, and 
to whom the honor of this second discovery is usually 
attributed. Of the later discoveries mention will be made 
in a succeeding article. At present while discussing cer- 
tain particulars respecting this wonderful appendage, 
we shall speak of it as one ring. 

579. Form — Coi^stitution. The ring may be de- 
scribed as circular^ broody and fiat^ like a com with a 
round central opening. Like the planet it shines by the 
reflected rays of the sun and has usually been supposed > 
bv astronomers to consist of solid matter^ since it casts a 
made upon the surface of the planet when it is situated 
between the latter and the sun. Profs. Pierce and Bond, 
of Harvard University, have however arrived at the 
conclusion that the ring of Saturn is not solid but fluid. 
Prof. Pierce remarks, "that the ring of Saturn consists 
of a number of streams of some fluid about one-fourth 
heavier than watery flowing arouna the planet." 

580. Rotation — Position — Inclination to the 
Ecliptic. From the observations made upon certain 
spots on its surface. Sir William Herschel inferred that 
the ring rotated in its own plane in the space of lOh. 
32m. 15sec. ; a period precisely the same as that which 
La Place proved it ought to have, according to the theory 
of universal gravitation. The plane of the ring is ex- 
actly coincident with ih^ plane of (he ph.net s equator and 
is inclined to the ecliptic at an angle of 28° 1& 27^^. 

Give an account of the diioovery of Satnrn*s rinf ? What it laid rappeotinf its form 
and con$Htution 1 What of its rotoCten, jMMtten, and indination 7 
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581. Phases of the Ring. When viewed through 
a telescope at considerable intervals of time the ring of 
Saturn presents different aspects. For at one time it 
appears broad ei.ndflat and of an elliptical shape, with an 
open space between it and the planet, while at another 
it is narrcywed dovrn and looks like two handles project- 
ing from each side of the planet ; and then again it van- 
ishes entirely from our sight. 

582. The causes of these changes are found in the fol- 
lowing facts ; First, that the ring, like the eariKs aodsj 
always remains ^raBeZ to itself^ and Secondly, that we 
view it in different positions at different times. 

583. This subject is illustrated in Fig, 76, where the 

FIG, 7e. 




"A. 

8ATUBN AND HU EINO. 



curve abcd^ represents the orhit of the earth, the central 
figure the sun and A, B, C, D, E, F, G, H, eight positions 
of Saturn in his orbit. Now if we were stationed upon 
the sun, Saturn being at 0, the solar light falling upon 
the flat surface of the ring would be reflected back to 
us, and we should see the nng in its greatest breadth ; the 
opening between the planet and the ring, would likewise 
be readily discerned. But as the planet in its orbitual 
motion advanced to D, the visible portion of the ring 
would contract, since we should now view its surface 
more obliquely than we did at first. 

584. When Saturn had arrived at E, where the plane 
of the ring passes through the sun, the solar rays would 
&11 only on the edges of the ring, which is so thin that 
the reflected light would be too faint to render it visible, 

Dsieribe tlie pIuigM of thtt rinf ? Dlnstnto by the aid of Fifon 70. 
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In this position the ring consequently would vanish f5pom 
our signt. As the planet advanced -successively to P 
and G, the vtsibk surface of the ring would gradually m- 
crea^sey attaining at G the same apparent breadth and 
exhibiting the same aspect as it possessed at C. Sat- 
urn continuing his progress to A, would once more 
contract in size, becoming invisible at A where its plane 
passes again through the sun. From A to C, the ap- 
parent surface of me ring would CTadually increase re- 
gaining at C its original h'eadth and avpeararux.^ 

686. In the above illustration we nave discussed the 
phases presented by the ring as viewed from the sun^ but 
our pomt of sight is t^e earthy situated somewhere in 
the orbit oixd. This circumstance modifies somewhat 
the appearance of the ring as explained above, but not 
to any very great extent, for the earth is so much nearer 
the sun than Saturn is, that the ring exhibit to us 
almost exactly the same aspects as if we actually beheld 
it from the sun. 

686. Vanishing OF THE Ring — Three causes. Out 
position upon the earth multiplies however the causes 
of the disappearance of the ring. Since it appears to us 
very nearly as it would to a spectator upon tne solar orb, 
we in the first place lose sight of it when its plane passes 
through the sun; unless telescopes of the greatest power 
and finest construction are employed, when a faint line 
o/" light is just perceived marking the position of the ring. 
In the second place the ring vanishes when its plane passes 
through the centre of the earthy for then its edge only is di- 
rected to us which does not reflect light enough to 
become visible. Lasdyy when the plane of the ring passes 
ietween the earth and the sun^ it disappears from our sight, 
because the side which is illumined by the sun's rays is 
then turned from us, and the dark side presented towards 
us. Thus in the figure, such would be the case if 
the earth was somewhere between c and d, whUe Saturn 
was a little distance from E moving towards F, yet not 

Does Saturn and his rinf appear nearly tiie same from the earth at it would from the 
•un ? State the three eamse* or the disappearance of the rins, and explain why the riof 
will vanish when it it ia any one»of these three positioni ? Can the rinf be diaeemed m 
any way when its plane passes through the lun t 
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80 far from E but that the plane of the ring would pass 
beiween the earth and the sutl^ 

487. Divisions op the Ring. We have already al- 
luded to the discovery made by the Messrs. Ball, and also 
by Cassini, that the ring of Saturn is double. For nearly 
a century, astronomers have been led to think from the 
appearance of dark lines upon the ring that other subdi- 
visions exist, and these surmises have proved correct. 

688. In 1837, Prof. Encke of Berlin, saw through the 
famous telescope of Fraunhofer, the outer ring of SaV 
urn divided by a black line and so clearly defined that he 
wj^ enabled to take the measurements of its breadth. 
This separating line was observed some years afterwards 
by Messrs. Lassel, Daw^ and Hind, and also by Prof, 
dhallis of Cambridge University, England, and with such 
marked distinctness as to leave no doubt of the actual 
division of the outer ring. 

589. But this discovery was soon followed by another 
still more surprising, which was no less than the detec- 
tion of a dimy obscure ring^ nearer to the planet than 
what is usually termed the bright inner ring. On the 
11th of November, 1850, Mr. G. P. Bond, of Harvard 
University, saw such evidences of subdivision in the 
inner ring as led him to infer that a third ring existed 
nearer the planet and less bright than the other two. 
On the 29th of the same montl^ the Rev. W. R Dawes, 
of Wateringbury, England, made the same discoverv, 
and noticed likewise the additional fact that the dusky 
ring is itself doiAle ; ,being divided by an extremely fine 
line. 



1. Mr. J. R. Hind thus speaks of the late phatet of Saturn's ring. " In 
1848, after the north 9uffac€ had been vmble for nearly 15 years, the ring 
beoame invisible on April 22d, when the earth was in the phmeof the ring; 
It reappeared on the 3d of September, when the sun was so sitoi^ed in re- 
spect to the ring as to illumine the southern surface, which was turned 
towards us. On the l2th of the same month, the earth passed to the 
northern eide of the ring, while the sun still shone on the mmthem eidoy 
and the ring consequently disappeared a eeeond time. It continued in- 
moible to us until the 18th of January, 1849, when the earth passed to the 
southern side of the ring which had been turned towards the sun since the 
3d of September, 1848. We shall continue to see the southern sur&oe of 
^e ring until the dose of the year 1861." 

Rdlato is fall ^ ditoovsrisf that have been made in iMpect to tba diTuiont of th* rin^ 1 
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590. What therefore was at first regarded as a singh 
ring is now found to consist of fiv^ ; viz., two obscure 
rings nearest the planet, and three bright ones beyond 
them. The two exterior luminous rings constitute what 
has hitherto been termed the outer ring of Saturn, and 
the third the inner ring. Fig. 77, represents Saturn and 

FIG. 77. 




lATURN AS YIBWBD BT THB REV. W. R. DAWBB, ON NOVEMBER 29tH, 1S50. 



his rings as they appeared to Mr. Dawes of Watering- 
bury, when viewea through a telescope of the finest 
construction. The division of the dark inner ring is 
however not delineated. 

591. Dimensions of the Eings. The dimensions of 
the outer and inner^ rings of Satura have been deter- 
mined by the most accurate and careful measurements 
to be as follows ; 

From the suHboe of the planet to the inner edge of ) , « aoo «,:i^ 

t\i^ first bright ring, ,..!... j ^^»®^^ "**^^- 

Breadth of the inner ring, 16,755 ** 

Breadth of the interval between the bright inner and ) . ^^.q u 

outer ring, J ^^^^"^ 

Breadth of the outer ring, 10,316 " 

Outer diameter of the outer ring, 172,130 " 

1. Outer and inner ring. By the outer ring w here meant as stated 
in the preceding article, the two exterior bright rings. The inner ring is 
the third bright ring, next to the dark one. 

How many rings have been found 1 Give the dimensions of the outer and inner rings of 
Saturn 1 
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' 592. The thickness of the rings has been estimated by 
Sr John Herschel, at not more than 100 miles, while 
Mr. G. P. Bond, of Gambridge, places the thickness as 
low as 40 miles. 

593. Satellites of Saturn. Saturn is attended by 
eight moons, seven of which revolve about the planet 
in orbits, whose planes are nearly (mncid&nt witn that 
of the ring. They have received the names of Mimas^ 
MiceladuSj Tethys, Dione, Rhea^ Titan^ Hyperion^ and 
Japetus, 

594. On account of their great distance from the earth 
these bodies, although possessed of considerable size, are 
only visible by the aid of powerful telescopes. We shall 
describe them briefly, commencing with the one nearest 
to Saturn, and taking them in the order of their distan- 
ces from the planet. 

595. Mimas. This satellite was discovered by Sir 
William Herschel, on the 17th of September, 1789, with 
his immense reflecting telescope of 40 feet focal length. 
The largest instruments and the most fiivorable circum- 
stances are needed to see this moon merely as a 5?naZZ 
hright point Such is the extreme difficulty of detecting 
it, that few astronomers have even beheld it. The mean 
distance oi Mimas from the centre of Saturn is 118,000 
miles, and it revolves about the planet in 22h. 36m. 
18sec. It is distant from the ring aoout 32,000 miles. 

596. Enceladus. On the 19th of August, 1787, Sir 
William Herschel first noticed this satellite, before his 
great telescope was completed. The discovery was con- 
firmed bv the aid of tms noble instrument m August, 
1789. Enceladus has been observed by Sir John Her- 
schel several times, shining like a star of the fifteenth 
magnitude. It revolves about Saturn in Id. 8h. 53m. 
78ec., and its distance from the centre of the planet is 
152,000 miles. The plane of its orbit according to Sir 
William Herschers observations \S coincident with that 
of the ring. , 

597. Tethys. This satellite was found by Cassini^ 

What is the tbicknesi of the rings aecordins to Sir John Herschel 1 What according 
to Mr. 6. P. Bond t How many moons has Satornl Whnt is the position of the planes 
of the orbits of $enm ? Give the names of the satellites 1 What is said as to their visibility ? 
State ia fiilL what is said of Mimas^ and Eneelad»s 7 
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in March, 1684. It resembles a stiar of the ihtrtemth 
m^zgnitudey and performs its revolution around Saturn 
in an orbit the plane of which is nearly if not exactly 
coincident with that of the ring. It completes a revobi- 
tion around its primary in the space of Id. 21h. 18m. 
26dec., at the distance of 188,000 miles from the centre 
of the latter. 

598. DiONE. Dione was likewise discovered by Cas- 
sini, in March, 1684. In size it varies between the 
eleverUh and twelfth magnitude^ and its distance from the 
centre of Saturn, is equal to that of our moon from the 
earth, being 240,000 mil^es. Dione revolves in an orbit 
supposed to be coincident with that of the plane of 
the ring and performs its revolution in 2d. ITh. 44m. 
5l8ec. 

599. Becea. Gassini detected this moon of Saturn 
on the 28d of December, 1672. It shines usually like a 
star of the tenth or devmth magnitude^ but at times, ap- 
pears as one of the ninth, and then again of the twdph 
rmgnitvde ; its brightness depending much on its posi- 
tion in respect to Saturn, and also on the state of our at- 
mosphere. The plane of the orbit of this satellite, 
nearljr coincides with that of the ring. Bhea revolves 
about its primary in 4d. 12h. 25m. Usee., and is distant 
386,000 miles from its centre. 

600. Titan. This is the largest of all the satellites of 
Saturn, and shines as a star of the eiahth magnitude. It 
was discovered by Huvghens, on the 25th of March, 
1655, and has recently oeen studied with great care by 
Prof BesseL Titan revolves about Saturn at the distance 
of 778,000 miles from its centre, performing a revolution 
in the space of 15d. 22h. 41m, 2^ec. 

601. Hyperion. This satellite was discovered as late 
as September, 1848, and almost at the same time by two 
observers. Mr. G. P. Bond, of Harvard University, 
detected it on the 16fli of September, and Mr. Lassel, of 
Liverpool, on the 18th of the same month. 

Hyperion appeared to Prof. Bond, as a star of the 
seventeenth magnUvde. Its distance from Saturn and 

6iT« anaecouBt of T<Ciky«« IHmu^ JUm, TVtan, Uyftrimi. 
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period of revolution have not yet been very accurately de- 
termined, the former however, is not far from 940,000 
miles, and the Za«er 21d. 4h. 20pfi. 

602. Japetus. This is the most remote of all the sat- 
ellites of Saturn. Its distance from the centre of its pri- 
marv is no less than 2,268,000 miles, and its period of 
revolution 79d. 7h. 54m. 41sec. The plane of the orbit 
of this satellite is inclined to that of the ring about 10°. 
Japetus, was discovered by Cassini, towards the close of 
the month of October, in the year 1671. Periodical 
changes in the light of this satellite have been noticed, 
which lead to the inference that it revolves on its axis in 
the same time that it completes a revolution around 
Saturn, just as our moon does in respect to the earth — 
a law of revolution which probably exists in the case 
of all the satellites belonging to the planets of our 
system. 

603. Diameters of the Satellites. Of these meas- 
urements we have little knowledge. Prof. Struve has 
reckoned the diameter of Titan, me larqest^ to be 3,300 
miles^ which is regarded as not fer from the truth. 
Schroeter estimated the diameter oHHii^n at 2,850 miles, 
that of Japetus at 1,800 miles, of Ehea 1,200, and the di- 
ameter of Dione and Tethys at 500 each. Sir William 
Herschel supposed Mimas to be 1000 miles in diameter. 

604. Sir J ohn Herschel has detected a singular rela- 
tion between ihQ periods of revolution of the four interior 
satellites ; viz., that the periodic time of Mimas is one-half 
that of Tethys, and the period of Enceladus, on^-Ao^that 
of Dione. The rotation is almost mathematically exact. 
The laws of Kepler, hold true in regard to Saturn's sat- 
ellites, as well as in the case of Jupiter's. 

605. Ancient observations op Saturn. The most 
ancient observation of Saturn on record, was made by 
the Chaldeans, on the 1st of March, 228 years before 
Christ. On the 21st of February, 503 A.D., the planet 
was seen at Athens, apparently emerging from behind 
the moon. 

Giv« an aeeoant of JtpHut 7 What it said raipactinf tb« dtameteri of tha nteDitat 1 
What linf ttiar lelathon hat bean noticad by Sir John Hartehal 1 What it hara taid in ra- 
■paet to tha applieatioo of Kaplar't laws ? What aneiant ohiarvationi hava baaa nooidad 
oFiatanil 
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URANUS, OR HBBSCHEL Igt 



Until the year 1781, all the known planets, ex- 
cluding our earth, were Mercury^ Verms, Mars, Jupiter, 
and Saturn, Each of these, more or less conspicuous to 
the unaided eye, had been recognized as planets for ages, 
but about this time. Sir William Herschel, having con- 
structed telescopes of great power, commenced a sys- 
tematic examination of the neavens, which led to the 
most surprising discoveries. 

607. On the 13th of March, 1781, between ten and 
eleven o'clock, this eminent astronomer detected an 
object which he at first suspected to be a comet, but sub- 
sequent observations established its planetary nature. 
The new planet was called by Herschel Georgium Sidvs, 
as a compliment to his patron, Greorge III., and by 
others, Herschel in honor of the discoverer; but the 
name proposed by Bode of Uranus, is now universally 
adopted. 

608. Aspect — ^Diameter — ^Mass— Density. Ura- 
nus appears of a pale cohr, uniformly bright, and unde- 
versined with spots, belts, or configurations of surface such 
as are seen on Jupiter and Mars. Its diameter is about 
36,000 miles, and like other planets it is probably ellipti' 
cal inform, having its eqtiatorial diameter longer than its 
polar. This difference has not yet been satisfactorily es- 
tablished. Prof. Madler thinks he has detected it, and 
makes the ratio of the equatorial diameter to the polar 
to be as 10 to 9. But otner astronomers, with telescopes 
of greater power, have been unable to discern any differ- 
ence at all in the lengths of the various diameters of the 
planet. According to the recent calculations of Mr. 
Adams, the sun contains 21,000 times as much matter as 
Uranus. The density of Uranus is exactly the same as 
that of Jupiter, or about ith of that of the earth. 

609. Rotation. The absence of spots and outlines 
upon the unvarying bright surface of Uranus, deprives 
astronomers of the means of determining the period of 
its rotation. In fact whether it revolves at alt upon its 

When was Uraoas discovered, and bjr toik^m 7 What are the various names of tbia 
planet 1 State what is said in i^|^ to its ojrpeet, diameteTf masSf and deufitf f 



Digitized 



by Google 



SATSLLITES OF tTRANUS. 257 

axis is a point not yet fully determined, but as it belong 
to a system of planets, all the rest of which revolve on their 
axes, it is reasonable to infer from analogy that Uranus 
also does. 

610. Distance — ^Inclination op orbit — Periodic 
Time. The average distance of Uranus from the sun is 
1,828,071,000 miles, his least distance 1,742,788,000 
miles, and his greatest 1,913,404,000 miles. Thus on 
account of the eccentricity of its orbit, the difference 
between the perihelion and aphelion distances of the 
planet is no less than 170,666,000 miles — ^an extent 
nearly twice as great as the distance of the earth from 
the sun. The plane of the orbit of Uranus almost coin- 
cides with that of the ecliptic, for its inclination is less 
than 47^. Uranus revolves about the sun in 30686.7 
days, a little more than 84 of our years. 

611. Satellites of Uranus. Uranus was found by 
Sir William Herschel to be attended by six satellites^ but 
notwithstanding the zealous efforts of astronomers, little 
certain knowledge has yet been gained in respect to 
their elements. 

612. The second and fourth satellites, in the order of 
distance from the planet, are those that are best known ; 
the periodical revolution of the former, being according 
to the computations of Mr. Adams, * 8d. 16h. 56m. 25sec., 
and that of the latter, 13d. llh. 6m. 55sec. Uranus 
every year is becoming more and more favorably sit- 
uated for observation, and there is every reason for be- 
lieving that our knowledge of this planet will ere long 
be more complete than it is at present. 

613. The satellites oi Uranus differ in two particulars 
from all the other plietnetary bodies that compose the solar 
system. For all the planets and their satellites, except- 
ing those of Uranus, revolve in their orbits fix)m tuest to 
east, and the planes of (heir orbits do not deviate far from the 
plane of the ecliptic ; but the attendants of Uranus move 

1. The oompntaiions of Mr. Adanw, are the meet recent and are cu- 
sidered the moet correct. 

What of its roUUUn, dutance, ineUnatton •/•rHt and ptritdietiiiuJ Bow manjr 
MfallitM hai Ununis I What do wo know lespectinf Uioin 1 HftvotkofanypooolMriliMl 
What ast thoy 1 
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around the planet from east to weatj and the planes of their 
orbits are nearly perpendicular to the plaiie of the ecUpiic, 
being inclined to it at an angle of 78* 58^. 

614. Intensity op Light. Since Uranus is about 
19 times as far from the sun as the earth is, the intensity 
of the solar light is here diminished in the ratio of 1 x 1 
to 19 X 19 (361.) In other words the intensity is 361 times 
less at Uranus than it is at the earth. 

NEFTUNB. 

616. History of its Discovery. When an astron- 
omer knows perfectly all the elements of a planet, he 
can tell at what time it will be in a particular place in 
. the heavens, with greater precision than the station-mas- 
ter of a rail-road can tell when a certain train will arrive 
at a given station. If the planet does not arrive at its ap* 
poinded place at the computed time, it must be owing to some 
influence unknown to the astronomer^ provided he nas made 
no error in his calculations. Now Uranus, ever since 
its discovery, has not kept its appointments, for astrono- 
mers have been constantly finding it in a diflferent place 
from that in which it ought to have been according to 
their calculations. It was always off the track, and they 
at length suspected that these deviations were caused by 
the attraction of a planet hitherto undiscovered. 

616. Mr. Adams of St. John^s Cojlege, Cambridge, in 
1843, and Mr. Le Verrier, of Paris, in 1845, unknown to 
each other, undertook the task of solving this intricate 
problem, calculating how large a planet would account 
for these deviations, what distar^ it must be firom the 
sun, what orbit it must have, ana various other particu- 
lars. In September, 1846, the French astronomer had 
so fully completed his computations, that on the 23d of 
the month, he wrote to Dr. Galle, of Berlin, telling him 
where to look in the heavens for the unknown planet and 
of what size it would appear. Dr. Galle, the same eve- 
ning he received the letter, pointed his instrument to 
that region in the heavens where he had been directed 

How intmte u the suUr lifht of Uranua ? What U the next planet in order 1 Give the 
history of the diieoverj of Neptune? 
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to gaze, and there lie immediately saw a star of the mag* 
nitude mentioned by Le Verrier, and which proved to 
be the planet sought 

617. Name — Diameter — Mass — Density. The 
planet of Le Verrier has generally received from astron- 
omers the name of Neptune.^ Its diameter deduced from 
measurements made with the best instruments of 
Europe is 31,000 miles. Its mass is not yet accurately 
known, but from the computations of several very able 
astronomers, it is ascertained that the sun contains about 
18,000 times more matter t^an Neptune. The density 
of this planet is estimated to be just equal to that or 
Saturn, or about |th of the density of the earth. 

618. ORBrr— Inclination of orbit — Distance — 
Periodic time. The most accurate determination of 
Neptune's orbit was made by Mr. Sears C. Walker, of 
Philadelphia. Like that of the other planets it is ellip- 
tical, yet but moderately so, and its plane is inclined to 
that of the ecliptic 1° \V. The mean solar distance is 
2,862,457,000 miles, and the difference between its greatest 
and least distance from the sun is 49,940,000 miles, an 
extent considerably less than one-third of the like varia- 
tion of Uranus. Neptune revolves about the sun in 
60127.71 days, or about 164^ years. 

619. Intensity of Light. As this planet is about 
80 times farther from the sun than the earth is, the in- 
tensity of the solar light at Neptune, is 900 (30 x 30) 
times less than it is at the earth. 

620. Has Neptune a Ring. Mr. Lassel, of liver- 
pool, and Prof. Challis, of Cambridge, England, have at 
various times supposed that they saw traces of a ring sur- 
rounding the planet. Prof. Bond, of Cambridge, has fre- 
quently noticed a luminous appendage^ but not so defined 

1. Several names were proposed for this planet, Dr. CkJle wiriied to 
to call it Janus. Other astronomers, Le Verrier, after the eminent mathe- 
matician whose profound researches led to its discovery, hut the name of 
Neptune has been adopted by most astronomers, and has been approved by 
Le Verrier himself. 

' What it said retpeeting the nasM of this planet in the text, and note 1 What of it* 
HameUr^ massj and dentity 7 What i» said of the orbit of Neptnne and its inclination ? 
What of hit toiar distance and periodic time ? What is the intentity ^ eolar light at 
NqiCuoe oompared with that at the earth ? 
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US to enable him to announce the existence of a ring. 
Other able astronomers, with dome of the best instru- 
ments at command, have not even detected anv pecu- 
liarity in the aspect of the planet which would lead 
them to suspect that it was encircled by a ring. 

621. The Satbllife of Neptune. In about a month 
after the discovery of Neptune by Dr. Galle, Mr. Las- 
sel, of Liverpool, detected a satellite, shining like a star 
of ike fourteenth magnitude. From all the observations 
made by this astronomer, and others, up to the end of the 
year 1848, it appears, that the satellite revolves about 
Neptune in an orbit nearly circular^ that it completes a 
revolution about its primary in 5d. 21h., and at the mean 
distance from the latter of 232,000 miles. This moon 
of Neptune is at about the same distance from the planet 
as our moon from the earth ; and Mr. Lassel discovered 
the interesting fiict, that there are such periodical 
changes in its brightness, as to indicate that this sat- 
ellite like others belonging to our system, rotates 
on its axis in the same time that it revolves around 
Neptune. 

622. Mr. Bond, of Cambridge, believes that he has ob- 
tained tolerably good evidence of the existence of a 
second satellite, more dim and distant than the first, but 
not enough to enable him as yet to pronounce decidedly 
upon it. The fact that the more remote planets are at- 
tended by trains of satellites, and the singular unresolved 
appearance observed near Neptune, by the English and 
American astronomers, render it not improbable that an 
assemblage of moons may be at length found, circling 
around this far distant member of our system. 

KEAL AKD APPIEENT MOTIONS OF THB PLANETS 

623. A spectator upon the sun would see ail the 
planets revolving with beautiful precision around this 
luminary from v^est to east, and constantly pursuing the 
same direction. Such are the real motions of the planets 
in their orbits. A person upon the earth, sees ^ly the 

Hu Neptune a ring 1 Give an account of the tatMite of Neptune 1 I* the exiitenee 
of e »u0nd meen tuipected 1 May Neptune paisibly have many satellite* 1 Stale what 
ie meant by the rsal motioiu of a planet 1 
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ajyparent moiiom of these bodies, which differ so widely 
from their real motions^ that a superficial observer might 
imagine that they actually wandered in the heavens, and 
were guided by no law. For at one time we behold a 
planet pursuing its direct course from west to east, after a 
while it becomes stationary, and then in a short time it 
resumes its motion, moving in a retrograde course from 
east to west. 

624. The apparent motions of the inferior planets are 
quite complicated, and vary in some respects from thbse 
of the superior pkmets on account of their different posi- 
tions in regard to the earth^ — ihe former having an inferior 
conjunction and no opposition, and the latter an opposition 
and no inferior conjunction, 

625. Causes of the Apparent Motions. The ap- 
parent motions of the planets are owing to two causes. 
First, that we behold them from a standrpoint above 95,- 
000,000 miles from their centre of motion, and conse- 
quently see them in a different quarter of the heavens 
from that in which they would appear, if seen from the 
sun. Secondly, the earth is not stationary, and when we 
observe the planets, we assi^ to them the motion that 
belongs to the globe on wmch we stand, since we are 
unconscious that it moves at all. 

626. Apparent motions explained. Selecting one 
of the superior planets, we will now endeavor to explain 
why its apparent motions differ so much from its real. 
Let Jupiter be that planet, and suppose him to be on 
the other side of the sun, in superior conjunction ; He 
will then be seen to move in the same direction as the 
earth, that is from west to east, and as we are uncon- 
scious of our own motion, the apparent motion of Jupi- 
ter will equal his own real motion added to that of tne 
earth's. When Jupiter is near opposition, the planet and 
the eartA are moving as it were on parallel tracks, with 
the starry heavens fcyonc? Jupiter ; but the earth Tnove^ 
faster than Jupiter, and at length goes by him, and as 
our globe seems stationary to us, Jupiter is seen to 

Whftt by its awarent tnotions 7 Whj do th« apparent motiom ditSn to much from the 
real motiont t What aro the causes of the apparent motiontl Explara why the a^^- 
rent motiont of Jupiter are at one time Hreet and at anothm retrogtw 7 
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move backwards among the stars from east to west, a 
direction contrary to that in which he is ojctuaUy ad- 
vancing. 

627. Thus if two boats are sailing down a river, one 
of which is in the middle, and the other near the shore; 
if the /)rmer sails faster than the latter, a spectator upon 
the ^r5^ will see the other boat apparency moving up the 
stream, though they are both really proceeding in the 
same direction, 

628. The Planets at times Stationaby. We have 
just shown that in one part of a planet's orbit, \\& appa- 
rent motion is dired, and in another retrograde. There 
must accordingly be points in its orbit where its ap- 
parent motion changes from direct to retrograde, or the 
contrary ; and at these points the planet must necessarily 
for a while appear stationary. Mercury is staJtionary at 
the distance of about 15** or 20° from the sun, and 
Venus at 29^ 



CHAPTER VI. 

COMETS 



629. Comets are a class of bodies belonging to the 
solar system entirely different in appearance from any 
we have yet considered. The oroits in which they 
revolve are so elliptical, that during the greater part 
of their circuit they are invisible, being only detected 
when near the sun. 

630. Constitution. The comet, when entire, consists 
of three parts; the HEAD, or NUCLEUS — ^the COMA, or 
ENVELOPE, and the tail. The head is nearest to the 
sun^ and appears as a bright spot more dense than the 
other portions ; but whether it consist of solid matter, 
like a planet is yet undetermined, for no telescope has 

Give the illuitratioa in retpect to the letrognide motion 1 Explain why the pkmete are 
at timet gtdtianarff 7 At wnat angular distance from the tun it Mereurr ttationafy 1 At 
what dittance Venut ? What doet Chapter VI. treat of 1 What ii laid letpeetinf thite 
budiet t Of how oiany parti doet a comet contitt 1 
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ever yet revealed a true round disk in any comet. Sur- 
rounding the head, but yet perhaps separated from it, is 
the coma which is a luminous ibg-like covering that 
probably conceals from our view the real body of the 
comet. This envelope is conceived to give to comets a 
hairi/ appea/rance, hence their name. ' 

631. The tail is an expansion of the coma^ the light 
matter of which streaming backward on either side in a 
direction opposite to the sun, diffuses itself for the most 
part into two broad trains of light, extending to an im- 
mmse distance, and which constitute the tail. These 
streams sometimes unite at a short distance behind the 
tieadj and at others continue distinct throughout most of 
their length. All comets do not possess tails, even some 
of the most conspicuous present to view tails of only 
moderate dimensions, while others are as perfectly free 
from them as a planet. On the other hand, in a few 
instances, the tail has been divided into more than two 
streams, as in the case of the comet of 1744, when this 
extraordinary appendage was seen spreading out like a 
fan into six magnificent trains. 

632. The tails of comets are often curved outward in 
the direction in which the body is proceeding. These 
appendages increase in length and splendor as they ap- 

{)roach the sun until they are lost from view in his bril- 
iant rays. Upon emerging into sight on the other side 
of the sun, the comet attains its greatest brightness, and 
the tail, now extended to its utmost limit, shines forth 
in full splendor. As the comet departs from the sun, 
the tail gradually loses its radiance, and decreases in 
length till it is absorbed in the head. 

633. In tig. 78, where the comet of 1819, is delin- 
eated, its three distinct parts are easily recogniased. 

634. Number of Comets. This class of celestial 
bodies is without doubt very numerous, for, according to 
Sir John Herschel, the list of those on record before the 
invention of the telescope amounts to several hundred. 

1. Comet from the Greek komi, signiiying hair. 

Daseribe mch of th«in in full 1 Do all comets potien taib or traim 1 Does a comet 
ever have more than one ? State the chan^ea to which these appendages are subject ? 
What if said respeetitif the nambn of comets on record before the telescope wm ioTentad 1 



Digitized 



by Google 



264 SOLAB SYSTEM. 

FIG 78. 




COMET OF 1819. 

The telescope has added materially to this number, for 
not a year passes without some ^ being brought to light 
from the depths of that obscurity in which they must 
have forever remained, if the astronomer had continued 
to gaze upon the heavens with his unaided eye. Within 
the last century, more than 140 comets have been seen 
which have not yet made their second appearance. 

635. Thirty comets are known to have their perihelion 
distances rvithin the orbit of Mercury, and M. Arago basing 
his calculations upon this fact, and also upon the suppo- 
sition that comets are uniformly distributed ;through 
space, has computed that 3,529,470 comets have their 
perihelion distances within ffie orbit of Uranus, Moreover 
since comets may come within the limits of our solar 
system and yet be invisible to us, even with the telescope 
in consequence of daylight, the prevalence oi fogs and 
• chvds, and also from their being within the circle of per- 
petvxil ocadtation, M. Arago has considered, that he might 
safely estimate the number of comets within the orbit 
of Uranus at 7,000,000. If this calculation is extended 

Hat this inatrument aided aatronomen very mach in this field of research ? How many 
have been noticed within the last century wliieh have not made their second appearance 1 
State Ara^o's computation of the number of comets 7 Extend this computation to the orbit 
of Neptune 1 
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as far as Neptune, the number of comets whose perihel' 
ton distances are within the orbit of this planet would 
amount to more than 28,000,000. 

636. Splendor and Size. Comets vary much in 
respect to their brilliancy and magnitude; for while 
multitudes are only visible through the telescope, many 
of which are destitute of tails and heads, appearing 
only as cloudy star ; others almost dazzle the gaze 
with their brightness, and extend their bright tails half 
across the heavens. Some comets have been seen of 
such surpassing splendor that thw were visible in clear 
daylight^ such were the comets of 1402 and 1532, and 
also that of 1843. 

637. The famous comet of 1680, was conspicuous for 
the great length of its tail ; for soon after its nearest ap- 

J)roach to the sun, this wondrous appendage shot out 
i-om the body of the comet to the distance of 60,000,000 
miles, and in the incredible short space of tv)o days. 
When it had attained its greatest length it extended no 
less than 123,000,000 miles from the head, covering a 
space in the heavens greater than the distance from the 
horizon to the zenith. The comet of 1811, had a nucleus 
only 428 miles in diameter, while the tail stretched out 
to the distance of 108,000,000 miles. The diameter of 
the envelope of the comet of 1843, was 36,000 miles, 
and the greatest length of the train 108,000,000 miles, 
a length greater iheLu/our times the circumference of the 
earth. 

638. Velocity. Comets when nearest the sun, move 
with incredible speed, that of 1680, is said to have gone 
half around the sun, in ten and a half hours, moving 
with the speed of 880,000 miles an hour, or four and a 
half times faster than a ray of light. The comet of 1843, 
sweeping more than half around the sun in two and a 
haif hours moved with a velocity of 1,300,000 miles an 
hour, or eighty times faster than a message is trans- 
mitted through the wires of the telegraph. As these 

state what is nid in regard to the splendor and site of these bodies ? State what 
is here said of the several magnitudes of the eomeU of 1680, 1811, and 1843 ? What is re- 
^marlced of the vdoeihf of comets when nearest the sun 1 Give an account of the speed 
of the comet of 1680^ and of that of 1843 1 What is said respecting the velocity of a 
eomaC at it dtparU from the son 1 
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bodies depart from the sun, tlieir velocity decreases, ac- 
cording to the laws of attraction already explained, 
(Art. 405,) and to describe those portions oi their respec- 
tive orbits that are remote from tne sun, requires periods 
of time, varying from B,few years to many hundreds, 

639. Temperature. The temperature of comets de- 
pends upon their proximity to the sun, since like the 
planets they derive their light and heat from this source. 
The comets most remarkable for their close approach to 
the sun are those just mentioned ; viz., the comets of 1680 
and 1843. The first was only 147,000 miles from the 
surface of the sun, and was exposed to a heat 27,500 
times greater than that received by the earth in the 
same time — a heat 2,000 times greater than that of red-hot 
iron and sufficient to turn into vapor every known ter- 
restrial substance. At this distance the sun, as it would 
have appeared from the comet, must have had an ajppa- 
rent diameter more than 140 times greater than it has at 
the earth, and would have covered a space in the heav- 
ens extending from the horizon to near the zenith. 

640. The comet of 1843, came within about 60,000 
miles of the sun's surface ; so near in comparison with the 
immense distance it recedes from the sun that it is said 
to have almost grazed it. The sun as viewed from this 
comet at its 'perihelum would have had an apparent di- 
ameter of 123^ 32^, and its disk would have appeared 
forty-seven thousand times larger than it does at the earth. 

641. According to Sir John Herschel, the heat it re- 
ceived from the sun was 47,000 times greater than that 
which falls upon the earth in the same time, when the 
sun is shining perpendicularly upon it. So intense is 
such a heat that it is 24^ times greater than that which is 
sufficient to melt agate, and rock crystal The comet even 
for some days after it passed its perihelion, presented a 
glowing appearance, being in fact red-hot. 

642. Comets shine by reflected Light. This fact 
is proved in the following manner, when a self-luminoua 

From what source do these bodies derive their liglU and heat 7 What cometi are re- 
markable for their near approach to the sun ? How near did the comet of 1680 approach 
the surface of the sun 1 How hot was it 7 Why was it so hot ? How large would tb« 
sun appear if viewed at the perikeNtn iuUnee of tbia eomel 1 State ti^ li£» paiticwIaTt 
ntpectinf the eomat of 1843 1 
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body, as a lamp for instance^ is carried gradually away 
from us, the size of the flamie grows smaller as the dis- 
tance increases, while the brightness is the same at all dis- 
tances. But 'if a body which shines by reflected light is 
thus withdrawn, it grows/imferand^infer, until at last 
it vanishes. 

643. Now when comets are subjected to this test, it is 
found that their brightness is not the same at all distan- 
ces, but that it gradually diminishes as they recede from 
us. These bodies shine then by reflected light, the bright 
beams of the sun reflected from their dittused atoms of 
matter, causing the enormous volume of the comet to glow 
with light ; in the same manner as the flying vapors that 
float in our atmosphere, become radiant throughout 
their whole depths, with the reflected solar beams. 

644. Orbits — Perihelion distances. The orbits of 
comets, for the most part are ellipses^ with the sun in 
their common focus; but unlike those of the planets 
which deviate but little from a circle in form, the ellip- 
tical orbits of comets are exceedingly elongated, their 
m>a/for axes (Art 16,) running out to almost an infinite 
length. 

645. In consequence of this extended form of the 
orbit, the comet is only beheld for a short time while it 
is near the sun ; after which it occupies years and even 
centuries in accomplishing the remainder of its circuit — 
sweeping far beyond the limits of the planetary system 
where no telescope can begin to descry it. 

646. The fierihelioii distances of these bodies are very 
various,* 30 nrc found to approach nearer the sun than 
Mercury, and most of those visible frona the earth have 
swept nearer to the sun than Mars, Others have doubt- 
less their perihelion distances far more remote, but are 
unseen by us on account of their great distances. In a 
very few instances comets bave been known to move in 
hyperbolas, a curve that does not return into itself;* These 

1. See Figure 1, pa$^e 16. 

2. A curve is said to return into itself^ when a body start'iDg from 
any point of it, and moving along it, at last comes round to the same 

Do cotneU.shiae bv their own or by tefleRt«d li^ht 1 Prove it 1 State what is said re- 
•pectinf the erbiU of e«mtt» and their porihelion dutanets f 



Digitized 



by Google 



268 SOLAB SYSTEM. 

therefore sweeping around the sun can never a^ain re- 
visit us while the nature of their path remains un- 
changed ; but speed away to unknown systems, or wan- 
der through the limitless regions of space, till they come 
with the influence of some vast orb strong enough to 
control their roving propensities. 

647. Inclination of their orbits — Direction of 
Motion. The orbits of comets diiBfer also from those of 
the planets in respect to position; for while those of the 
latter have in general but a small inclination with the 
plane of the ecliptic, the orbits of the former cut it at all 
angles^ being sometimes nearly perpendicular to it. 
Neither have comets like the planets a conmion motion 
from west to east^ but they traverse the heavens in all 
directions, subject to no law in this particular. 

648. Out of nearly 200 comets whose respective direc- 
tions are known, about one-half have a retrograde^ and 
the other a direct motion, 

649. Elements — Identity. Three good observa- 
tions of the right ascension and declination of a comet, 
together with the times at which they were made, are 
sufficient to enable the astronomer to calculate the eh- 
ments of its orlrit.* Of all the comets that have been 



point again. Such curvet are the circle and ellipte. The curve of the 
hyperbola is shown m the annexed Figure, B is the vertex of the onnre, 




and from this point it stretches away in two branches BA and BC to an 
infinite length, the branches continually diverging from each other. A 
body moving along this curve from any point of it can therefore never 
return to the place whence it started. Tliis curve does not return into 
Itself. 

1. The elements of a comet's orbit are, 

1. The longitude of the perihelion. 

2. The longitude of the ascending node. 

3. The inclination of the plaw. of its orbit to that of the ecliptic. 

What of the inelination. of their orHU and direction of meUon 7 How manf and 
wAot ^eervations will enable an astronomer to compute the element* of a comet*i orbit 1 
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observed the orbits of about 190 have been determined, 
and out of all these, the return of only four have been 
verified by observation; namely, Btiuley's, Encke's, 
Biela's, and Faye's. 

650. The identity of a comet upon its return is estab- 
lished by the identity of its elements, and not by its physi- 
cal appearance, for this is subject to change; the body 
presenting great modifications in this respect upon its 
successive returns. 

651. Halley's Comet. Edmund Halley, a celebrated 
English astronomer, upon calculating the elements of 
different comets, discovered that the elements of the 
comets of 1531, 1607, and 1682 were identical He there- 
fore concluded that these three comets, so called, were 
actually one and the same body, which revisited the 
earth at these epochs. The interval between 1531, and 
1607, being 76 years, and that between 1607 and 1682, 
being 76 years, he ventured to foretell that the comet 
would reappear in nearly 75 or 76 years from the last 
date, and accordingly predicted its return about the 
year 1759. 

652. Clairaut, an eminent French mathematician, 
after calculating the amount of the inflflence of Saturn 
and Jupiter in retarding the appearance of the comet, 
fixed the time of its return to its perihelion, within a 
month, one way or the other, of the middle of April, 
1759. It came on the 12th of March in that year. 

653. In the year 1835 it again returned, passing its 
perihelion withm one day of the time calculated by Pon- 
tecoulant, a French astronomer. So vast and eccentric 
is the orbit described by this conffet, that while its peri- 
hdion distance is 57,000,000 miles, its aphelion distance is 
3,420,000,000 miles, a point in space more remote than 
that of Neptune, by 600,000,000 miles. 

654. Halley's comet had been observed and its pecu- 

4. The eccentricity of the orbit. 

5. The length of the aemi-major axis of the orbit. 

6. The time of passing the perihelion. • 

7. Motion, whether direct or retrograde. 

Of hew oMiiy have the erbiU been computed ? What number of coniets have had their 
returns verified by obMrvation 1 Mention them 1 How ii the identity of a comet estab> 
lished 1 Give the foil account of Halley** comet 1 
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liarities recorded /mr times before its appearance in 1682. 
In 1305, it is described by the writers of that age as a 
comet of a dreadful size. In 1456, its train extended 
through the heavens for the space of 90", stretching from 
the horizon to the zenith, and filled all Europe with such 
terror that, by the decree of the Pope, prayers were of- 
fered in all the Catholic churches, and tne bells rung at 
midday in order to avert the wrath of heaven. In 1682, 
the tail was only 30** in length ; in 1759, it had so di- 
minished in size that it was not visible to the naked eye 
until it had passed its perihelion, while in 1835 its tail 
was about 20° in length. 

655. Encke's Comet. This comet receives its name 
from Prof. Encke, of Berlin, who first ascertained that it 
returned at stated times, in the short period of 1,211 
days, or about 3^ years. Prof. Encke made this dis- 
covery upon its fourth recorded appearance in 1819, and 
j)redicted its return in 1822. It came at the appointed 
time, and from that year forward it has returned at its 
regular intervals, obeying the same law of gravitation 
that controls the earth in her orbit. 

656. Biela's Comet. This is another small cometary 
body which resolves about the sun in the period of 
2,410 days, or about 6| years. This discovery was 
made by Mr. Biela, of Josephstadt, in the year 1826, 
who predicted the return of the comet in 1832. The pre- 
diction was fulfilled. In 1839, its position was very un- 
favorable for observation, and there is no record of its 
having been observed at all at this time. 

657. Upon its return in the year 1846, this body was 
most surprisingly modified, for instead of one comet it 
was separated into two bodies^ each having the true 
characteristics of a comet. These twin bodies, which 
were termed the comet and its companion^ passed along 
through the heavens side by side for the space 0^70**, 
changing in their relative brightness and magnitude, and 
also in their distances from each other. 

658. According to Mr. Plantamour of Geneva, the 
distance between the nucleus of the comet, and that of its 

Give Um full McouDt of Encke*!, of Biel**s 1 
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companion^ during the time of their visibility varied from 
149,000 miles to 154,000 miles. 

659. Faye's Comet. Mr. Faye, of the Observatory of 
Paris, discovered on the 22d of November, 1843, a tele- 
scopic comet, which on the 27th of December, was redis- 
covered in this country by Mr. Joseph S. Hubbard at 
New Haven. It had a bright nucleus and fan-like tail. 
It was found to revolve about the sun in an elliptical 
orbit, in the space of 2,718 days, or a little less than 7^ 
years. 

660- The return of the comet to its perihelion was 
predicted within a day or two of the 3rd of April, 1851. 
it was seen by Prof. Challis, of Cambridge, England, on 
the 28th of November, 1850, and was observed by him 
until the 4th of March, 1851. 

661. De Vigo's Comet. This comet, which was dis- 
covered by De Vico, director of the observatory at 
Rome, on the 22d of August, 1844, possesses a brilliant 
nucleus and small tail and when most vivid is visible 
to the Jiaked eye. The calculations of several astrono- 
mers soon showed that it revolved in an elliptical orbit, 
and that the period of revolution was 1,990 days, or 
nearly 5| years. • 

662. The date assigned for its return was about the 
13th of January, 1850, but there is no record of its re- 
appearance at that time, 

663. Comet of 1680. This remarkable comet, whose 
surpassing size and splendor we have already alluded 
to, IS supposed with great probability to revolve about 
the sun in the long period of 576 years, 

664. It is regarded as identical with a vast and bril- 
liant comet which was beheld at Constantinople, in the 
year 1105, A.D., with one that was seen close to Hie sun 
in the year 575 A.D., with a third which appeared near 
the time of the assassination of Julius Caesar, in the 
year 43 B.C. : and lastly^ with tiuo others mentioned in the 
Sybilline Oracles, and in Homer, which according to the 
most reliable calculations were visible in the years 618, 
and 1194 B.C. 

GJv« the full account of Faye*s and of De Vico*8 ? State what is further Raid of the 
of 1680? 



Digitized 



by Google 



272 SOLAR SYSTEM. 

666. Comet of 1848. We liave already stated many 
particulars respecting this most extraordinary body, but 
a further description is by no means superfluous. It 
was seen on the 28th of February, 1843, close to the sun^ 
its brightness being so great that the splendor of the solar 
beams could not overpower its brilliancy. 

666. "In New England," says Professor Loomis "it was 
beheld from half past 7 A.M., till 8 P.M., when the sky 
became considerably obscured by clouds. The appear- 
ance was that of a luminous globular body ; the head of 
the comet, as observed by the naked eye appearing cir- 
cular ; its light e(jual to that of the moon at midnight in 
a clear sky, and its apparent size about ^th the area of 
the full moon." 

667. At the Cape of Good Hope, it was seen by every 
person on board the Owen Glendower, on the day just 
mentioned, at about sunset, near the sun, and having the 
sha2>e of a dagger. 

668. The vast extent of the tail has already been 
stated. At the Cape of Good Hope, it appeared on the 
8rd of March to be double, tuH> trains diverging from the 
head in a straight line, forming a small angle with each 
other. Near the eqxmtor this magnificent appendage 
shone with such a glow that at times it threw a bright 
light upon the sea. The comet remained visible only for 
a short time, the earliest observation upon it appears to 
have been made on the 27th of February, and the latest 
on the 15th of April. 

669. The elements of this comet are not yet decidedly 
ascertained. A brilliant comet appeared in 1668, the 
head of which was concealed by tne splendor of the 
solar rays, and whose tail, extending to an immense dis- 
tance, was so vivid that its image was reflected from 
the surface of the sea. The investigations of astrono- 
mers point in their results to an identity between the 
comets of 1668 and 1843 ; inasmuch as on the whole, 
they present nearly similar ay>ects, pursue nearly the 
same path, and the period of revolution assigned to 
each is 175 years. Prof. Hubbard, of the Washington 
Observatory, finds however, from a rigorous discussion 

Describe in full the comet of 1843 ? 
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of all the observations made on the comet of 1843, that 
it most probably revolves in an elliptical orbit, in a 
period of about 170 years. 

670. Physical nature of Comets. These extraor- 
dinary bodies consist of matter^ bat .existing in an at- 
tenuated and diffused state, of which we have no ade- 
quate conception. That they consist of matter is proved 
by the fact that they revolve in regular orbits around the 
sun, obeying the same law of attraction as the solid 
masses of the j^lanets ; and that this matter is extremely 
rare and subtile, is shown by the circumstance that the 
smallest stars are visible through the tail of a comet. 

671. A light cloud in comparison with the matter 
composing the tail of a comet, is to be regarded as a dense 
and heavy body. For while ike former, though gavze-like 
in its texture and of moderate thickness is yet sufficiently 
dense to obscure the light of a star ; the latter^ notwith- 
standing it is millions of miles in extent, permits the stel- 
lar rays to traverse its vast thickness, and to reach the 
eye, distinctly revealing the orb from which they ema- 
nate. 

672. The amount of vnaUer in comets, even of the 
largest size, is so snfiaU that their passage around the sun 
has never in the least perceptible degree aflfected the 
stability of the solar system; in other words, they have 
never as far as could be perceived, caused the planets to 
deviate a hairs' breadth from their accustomed paths 
around the sun. 

673. According to the celebrated La Place, if the mass 
of the comet of 1770, which passed within 1,500,000 
miles of our globe, had been eqvdl to that of the earth, 
it would have increased our sidereal year by 2h. 53^ But 
the profound investigations of Delambre, showed that the 
length of the year was not increased by the fraction of 
a second, and that consequently the mass oi the comet, 
could not have been equal to one-five thousandth part of 
the mass of the earth. 

674. Collision with the Earth. Fears have often 

state what h said ryspeetinf the physical natura of eomeU ? Show that the matter of 
eoroeto must be very mneh attenuated 1 Why nun their ^movmt of matter h9 PmaU 1 
Give the proof t 
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been entertained that collisions might occur between the 
earth and comets. When any one of these bodies has 
its perihelion within the orbit of Mercury it must neces- 
sarily cross the orbits of all the planets, and such a col- 
lision may possibly take place, but the probability is ex- 
ceedingly small. 

675. U pon the supposition that the nucleiLs of a comet, 
possesses a diameter one-fourth the size of that of the 
earth, and that its perihelion is within the earth's orbit, 
Arago has computed the chance of our meeting the 
comet to be as 1 to 281,000,000. 

676. But were the earth to meet a comet, it would be 
somewhat like a cannon ball meeting a cloud, and the earth 
would probably suflfer but little from the encounter. 
Indeed, it has been supposed by some, that we have 
already parsed through the tail of a comet without knowing 
it, for, according to Mrs. Somerville, there is reason to 
think that such was the case when the great comet of 
1843, revealed its splendors, to our eyes. 



CHAPTER VII. 

TIDES. 



677. Tb.e periodical rising and falling of the waters of 
the ocean in alternate succession are called tides. Standing 
on the sea shore, a person will perceive that for the space 
of nearly 6 hours the waters of th^ sea continue to rise 
higher and higher, overflowing the shores, and running 
into the channels of the rivers. When they have at- 
tained their greatest elevation, it is then said to be high tide, 
full sea, or flood tide, Eemaining at this elevation only 
for a few moments they then begin to fall, and continue 
to sink for about 6 hours more. When the waters have 
reached their greatest depression, it is then low, or ebb tide. 
After attaining this point, the sea in a short time again 

U it possible for a comet to strike the earth 1 Ii it prob4Me f What effect would a 
collisioD with a comet probabiv have upon the earth 7 May wo have alreadr pAMed 
through the tail of a comet ? What doe* Chapter VII. treat of 1 What are the tidei t 
Pftscribe them, explaining the meaninf of A^A tide and law tide t 



Digitized 



by Google 



TIDES. 275 

begins to swell in the same manner as before, and thus 
from year to year^ and from century to century^ the e66 and 
Jhw of the ocean follow each other at regular intervals 
of time. 

67^. From the above explanation it will be seen that 
there are dcdly two high tides and two low tides. The m- 
tervai of time between two successive high or low tides, 
is about 12h. 25m. Accordingly when there is a high 
tide at anv place, as New York, for instance, there must 
also be a high tide on the opposite side of the globe, and 
the same is true in respect to a low tide. These points 
are illustrated in Fig. 79, where O and O* represent 
the places where the high Udes^ and B and C, those where 
the hw tides simultaneously occur on the globe. 

FIG. 79 




HIGH AND LOW TIDB8 



679. A marked correspondence exists between the 
motion of the tides and the motion of the mxxm. If to-day 
at 10 A. M., it is high tide in a certain harbor, it will be 
high tide to morrow in the same harbor at lOh. 50m. 
28sec. A. M. The interval therefore that elapses be- 
tween any high tide and the neoct but one after it, is 24h. 
50m. 28sec. Now this is the eocact amount of time that 
intervenes between two successive passages of the moon 
over the meridian of any place. In fact as the earth re- 
volves on her axis, the tide wave tends to keep under the 
moon, and thus sweeps around the globe from any port 
to the same port again, in the precise period of time that 



How many high tides and low tides occur daily f What is the interval of lime between 
two successive nigh or low tides 1 When & hifh tide for instance occurs at any port 
where is there then also tuutther htf^ tide ? Explain the Figure. What marked eorret- 
poodence is here alluded to ? Describe it particularly 1 
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elapses between two successive returns of the moon to the 
7nendian of this port. 

680. Cause of the Tides. The unequal aUracHon 
exerted by the sun and moon upon different parts of the globe 
produces the tides, and we will now proceed to explain 
this phenomenon, commencing with the moon. In 
Fig. 79, let M represent the moon, E the soUd portion of 
the earth, and CDOFB and CD»0'F'B the ocean. Now 
every particle of matter belonging to the globe is at- 
tracted by the moon, with a force which varies inversely 
with the square of the distance of the particle from die centre 
of the moon.^ It is evident, that under the influence of 
this varying force, the solid portion of the globe will re- 
main imperceptibly unchanged in form, because the atoms 
that compose it, are bound together in a mass, and if one 
particle moves all the rest move with it. But the watery 
atoms move freely, and are influenced by the slightest va- 
riation in the lunar attraction ; accordingly the moon 
tends to produce high tides directly beneath her as at O 
and O', and low tides half way between these points as 
at B and C. 

681. Why high tides occur on opposite sides of 
THE Globe. The waters of the globe, as represented 
in the figure, assume the form they possess under the 
action of two forces ; First, the force of gravitation by 
which they tend towards the earth's centre ; Secondly, 
the attractive force of the moon, by which they tend to 
move toward the moon's centre. Now on the side of 
the earth toward the moon, the waters about O are 
drawn in one direction by the ftmar,' and in the opposite 
by the terrestrial attraction; but being nearer to the moon 
than the rest of the waters belonging to the hemisphere 
BOC they are consequently most attracted by this body, 
and by the influence of this excess of attraction are com- 
pelled to sweU outwards towards the moon. Thus the 
waters in the vicinity of have their gravity towards the 
centre of the earth diminished, or in other words are ren- 

1. See Art. 405. 

What it the caute of the tides f Explain from Fifure 79. the action of the moon in 
producing tides t Explain in full how high tide* are {Mroduced on oppotiU lidei of the 
globe 1 
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dered lighter; and consequently possess a greater tuiVc 
than usual. 

682. The waters about 0», in the hemisphere BO'O 
are less attracted by the moon than on any other part of the 
ocean on the entire globe; because they are the most dis- 
tant from this luminary, and the attraction is here below 
its average value. Now as the moon's attraction at O* is 
directed towards the earth's centre a deficiency of lunar at- 
traction at O*, necessarily diminishes the gravity of the 
waters about O*. They are consequently lighter than 
common at this point, their huJk is increased, and the 
elevated surface oi the sea assumes an ovalformt 

683. Why low tides occur on opposite sides op 
THE Globe. At the places B and C, the action of the 
moon is oblique to the surface of the ocean, and it is evi- 
dent that if any particle of water at B, is drawn by the 
lunar force in the direction BM, it will not only ap- 
proach the centre of the moon but also the centre of me 
earth. * Now that part of the lunar force which produce 
this latter motion, acting upon the waters in the direction 
of terrestrial gravity, and in addition to it, necessarily ren- 
ders them more heavy than they ordinarily are ; they ac- 
cordingly shrink down into a smaller bulk than usual, and 
the surface of the ocean heoomea flattened at B and at C. 

At O then the excess of the direct action of the moon 
raises the waters of the sea, and at O' a deficiency of this 
direct action produces the same eflfect; while at 90^ 
degrees distance from these points ; viz., at B and C her 
oblique action depresses them. 

684. As we advance from B or C towards O, in the 
hemisphere BOC, the action of the moon becomes less and 
less oblique to the surface of the sea, and her power to 
depress it and increase the gravity of the waters gradually 
diminishes. At the distance of So"* from B and C, to wit, 
at F and D, this power vanishes, and upon passing this 

1. That a force acting obliquely npon a body, tends to prodnoe motion 
in two direetiona is a w^l known fact. Take for instance the case of a boat 
sailing obliquely across a stream. Here the force of the wind carries the 
boat in two directions from its starting point at the same time ; viz., 
aerott the river and along the bank. 

SxpUin bow two low tides are produced on opposite sides of the flobe? 

24 
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limit the force of the moon tends to elevate the waters of 
the globe. 

685. In the opposite hemisphere BO*C a similar effect 
is produced. At the distance of 35° degrees from B 
and C; viz., at F* and D*, the moon ceases to increase 
the gravity of the waters, in the directions BE and CE, 
while those that occupy the remaining part of this hem- 
isphere; that is, F'O^D*, are drawn towards the moon, but 
with varying force, according to their respective distan- 
ces from this body. Thus the waters at F* and D* will 
be drawn toward the moon and the solid part of the 
earth with more power than the waters at 0^ ; the latter, 
therefore, will be lighter and more bulky than the ^rmer, 
and under this varying force the surface of the sea 
throughout the space F*0*D' will assume an oval shape, 

686. In fine we may say, that to the distance of aboiU 
66° around O and O' the attraction of the moon elevates 
die waters of the ocean, while to the distance of 35<^ 
around B and G it depresses them. 

687. Solar Influence. The sun like the moon pro- 
duces tides by the unequal attraction it exerts upon the 
waters of the ocean, causing high tides at the points im- 
mediately beneath it on opposite sides of the globe, as at 
O and 0', and hw tides at 90^ distance from these 
points, as at B and C. The sun's influence is however 
only about one-third of that of the moon, notwithstand- 
ing its vast superiority in size and mass. But any dif- 
ficulty that may arise in understanding this fact will 
vanish, when we reflect that it is the unequal action of 
these bodies upon the waters of the earth that produces 
the tides, and not fheir whole attraction. Now the wa- 
ters at O Fig. 80, are about 8,000 miles (the earth's di- 
ameter) nearer the sun and moon than the waters at 0\ 
but 8,000 miles is ^'^th part of the moon's distance from 
the earOi while it is only 73 Jo tt^I^ P*^ ^^ ^^ sun's dis- 
tance' from the eaiih. 



1 . The moon's distance from the earth is about 240,000 miles, which being 
divided by 8,000 miles, the quotient is 30. 8,000 miles is therefore ^th 

To what extent around B and C are the waters of the ocean depre»sed bjr the action of 
the moon, and to what extent devoted about O and O* 1 Whnt is snid respecting the sun*s 
influence in producing tides ? What is said of the amount of solar influence t Exphiio 
why it is small 1 
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688. We thus see that the attraction of the moon 
upon the waters of the opposite hemispheres is mani- 
festly unequal^ while that of the sun is almost unchanged. 
The investigations of philosophers have proved that 
while, by the moorHs influence, the waters of the ocean 
are raised to the height of 58 inches^ they are elevated 
no higher than 23 inches by the action of the sun. * 

689. Spring and Neap Tides. We have just seen 
that the sun and moon cause tides in the ocean, indepen- 
dently of each other. These bodies however are perpetu- 
ally changing their relative positions in the heavens, and 
on this account their separate actions are at alternate 
periods of time united and opposed to each other. The 
sun and moon act together ttvice a month; viz., at the 
syzygies;^ and the tides are then unusually high, since the 
lunar and solar tide waves are then heaped one upon the 
other. These are the spring tides. 

690. Twice every month, at the qixadratures, the sun 
and moon oppose each other ; for at those points on the 
earth's surface where the sun^s action then tends to elevate 
the waters, the Tnoon^s influence depresses them, and where 
the moon raises the surface of the ocean, the influence of 
the sun is exerted to cause it to sink. These are the 

NEAP TIDES. 

691. The height of the lunar tide wave being about 5 
feet and the solar 2, the average heights of the spring and 
neap tides will be in the ratio of 7 to 3. At the time of 
the neap tides, the loio tides are higher than ordinary, since 
at the places where they occur the solar tide wave is at 
its greatest altitude and its height must be added to the 
height of the low water, caused by the moon's action. 
But the high tides are then unusually hw, since the lunar 
high tide wave is diminished by the solar low tide. 

692. In Figs. 80 and 81, tne subject of the spring tides 

part of the moon'8 distance from the earth. Galling the son's distance from 
the earth in round numbers 96,000,000 miles, we find in the same way that 
8,000 miles is about jj Jvir^^ P^'*^ ^^ ^^ sun's distance from the earth. 

1 . The tidal influence of the sun and moon is found according to the law 
of univertal gravitation to bo inversely as the cubes of their distances. 

2. See notes 1 and 2, page 148. 

What have phikwophera tbown to be the respective heif^hta of the solar and lunar tides t 
When do the ipring tides occur 1 When the neap tides ? 
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FIG. 00. 




BPIIINO TIDE NEW MOON. 



is illustrated. In each of these figures, S represents the 
5UW, M the moorij and E the solid portion of the earth. 
The dotted line inclosing the earth is the solar tide-wave, 
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SPRIMO TIDE FULL MOON. 



and upon this in the line of the three bodies, is heaped 
the lunar tide-wave, the boundary of which is the outer 
curved line. 

693. In Fig. 82, is exhibited the phenomenon of the 
neap tides. The moon is in quadrature, 90^ from the sun, 
and the two bodies evidently counteract each other's 
influence in producing their respective tides. The solar 
tide wave, as in the preceding figure is represented by 
the dotted oval line, and the lunar tide wave by the un- 
broken curved line. • 

694. Since a difficulty is sometimes experienced in 
understanding how a spring tide is produced when the 
sun and moon are on opposite sides of the globe^ we will 
explain this point a little more particularly. In Fig. 
80, where the sun and moon are on the same side of the 
earth, it is the time of new moon, and a spring tide 

Describe tlieee phenomeoa ia full, «d<1 explain from Figurei 80, 8i, and 821 
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occurs. From the reasoning employed in Arts. 681-2, it 
will be perceivedvthat the waters at O are heaped up by 

FIG. 83. 





NBAF TIDB— QUADRATURE. 

the excess of atiraction exerted by the sun and Ttwon^ to 
draw the waters from the centre of the earth, thus ren- 
dering them lighter than usual. Around O* there is a 
deficiency of solar and lunar attracthn^ and the waters in 
this region are drawn down less than usual toward the 
centre of the earth, they are consequently more lulky 
than common and accordingly swell outward. 

695. In Fig. 81, the sun and moon are on opposite sides 
of the earth. The moon is at her full, and a spring tide 
now also occurs. At O the sun produces a high tide by 
his excess of attraction and the moon here causes a high 
tide by her deficiency of attraction^ since that which is the 
nearest hemisphere to the sun is the farthest from the 
moon. At 0* the moon's excess of attraction gives rise to 
the lunar high tido^ while the sun's deficiency of aitrac- 
Hon causes here likewise a solar high tide; for in this case 
the hemisphere which is nearest to the moon is the mx)si 
remote from ihesun, 

696. Time of the tide. In Art. 679, we have said 
that there exists a marked correspondence between the 
motions of the tide, and those of the moon. If the waters 
moved with perfect freedom, the lunar tide wave would 

Show why a spring tide occun at full ««mi ? 

24* 
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be highest at any place when the moon was upon the meriJr 
iim of the place ; and the solar tide wave highest when the 
sun was upon its meridian. But the waters do not at once 
obey the action of the sun and moon, on account of their 
inertia; and they are also retarded in their motion by 
the friction produced in their passage over the bed of the 
S3a and the sides and bottoms of channels. It thus hap- 
pens that the high tide does not occur at any place until 
the moon has passed its meridian several hours.* The 
interval between high tide and the moon's meridian 
passage is however not constant, but varies in diflferent 
places. 

697. Priming or Lagging of the Tide. The actiud 
high tide at any part is produced by the union or super- 
position of the solar and lunar tide waves. Now on ac- 
count of the changing relative positions of the sun and 
moon, these waves do not so unite as to make the high 
tides recur at any port at the expiration of exactly equal 
intervals of time. The tide days therefore, are not of the 
uniform length of 24h. 50m. 28sec., but vary somewhat in 
duration, and this variation is quite marked about the 
time of the new and full moon. 

698. Effect of Declination on the height of the 
Tide. The highest point of the tide wave, tends to 
place itself directly beneath the body which raises it, so 
as to be exactly in the line joining the centre of this 
body and the earth. If therefore the sun and moon 
were always found in the plane of the equator, the 
tides would be highest in the equatorial regions, while a 
constant low tide would exist at the poles. But these lu- 
minaries are not thus situated, since, owing to the obli- 
quity of the ecliptic, they have an apparent motion north 
and south of the equator ; the sulf departing from the 

1. At Dunkirk, for instiince, high water occurs half a day after the 
moon passes its meridian, at St. Malo's six hour 8 ^ and at the Cape of Good 
Hope, one and a half hours. 

Why does not the higli tide occur at any place when the moon ii exactly on its merid- 
ian ? How long a period sometimes elapsM after the moon has passed the noeridian before 
the high tide happens 1 Is the interval between the time of high tide at any place, and the 
m<>on*8 meridian passage, invariably the same ? Explain what is meant by the prtmtvjf 
and lagging nf the tide?" Are the tide day/t of uniform length t When is the variation 
greatest? Why do the declinations of the suq and moon influence the tides ? 
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equator about 23| degrees, while the moon attains a 
declination of 29° on one side, and about 17° on the 
other. 

699. These changes in the position of the sun or moon 
accordingly affect the height of the tide at any particu- 
lar place. When the moon, for example, has her great- 
est northern declination, the daily high tides will be 
highest in all those places in the northern hemisphere where 
the moon is above the horizon^ and lowest where she is 
hehw the horizon. In the soiUhem hemisphere the phe- 
nomena are reversed; the daily high tides being highest at 
all those places where the moon is beneath the horizon^ 
and lowest m all the regions where she is above the Ao?v 
zon, A glance at Fig. 83, proves these statements. 

FI6. 83. 



700. Actual heights op the Tide. The theoretical 
height of the tide does not correspond to the real height. 
This diiference is owing to local causes^ such as the union 
of two tides or th» rushing of the tide wave into a nar- 
row channel In the latter case the advance of the tide 
is often very rapid, and the water rises to a great eleva- 
tion. Thus within the British Channel, the sea is so 
compressed that the tide rises 50 feet at St. Male's, on the 
coast of France. In the Bay of Fundy, the tide swells 
to the height of 60 or 70 feet. Here, according to Prof. 

State why thwe chanires in the potition of the gun or moon affect the height of the tid* 
at any particular placet Why does not itie theoretical height of the tide at anyplace 
eorretpoiul with the actual height 1 
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Whewell, the tide wave of the South Atlantic, meets the 
tide wave of the Northern Ocean, and their union raises 
the surface of the sea to the height just mentioned. On 
the vast Pacific, where the great tide wave moves with- 
out obstruction, the rise of the water is only about two 
feet on the shores of some of the South Sea Islands. 

701. Derivative Tides. The tides perceptible in 
rivers, and in seas communicating with the ocean, are 
termed derivative tides; inasmuch as they are not produced 
by the immediate action of the sun and moon, but are por- 
tions of the great oceanic tide waves^ which flow in from 
the open sea. 

702. The derivative ^ifes ascend the large rivers of the 
globe to 2i great distance from their mouths ; but their 
upward progress is so much retarded by their friction 
against the banks, and the various impediments they en- 
counter, that several tides in some instances, are found 
at the same time along the same river. Thus, at the 
Straits of Pauxis, in the Amazon, Jive hundred miles from 
its mouth, the tide is distinctly perceptible ; and so much 
is it retarded in ascending tnis mighty stream, that 
at the time of the equinoxes, for three successive days, Jive 
tide waves, rising to the height of from 12 to 15 feet, fol- 
low each other daily up the river. 

703. No TIDES EXCEPT ON THE OCEAN, AND ON SEAS 

CONNECTED WITH IT. Inland seas and laJt^ have no per- 
ceptible tides. None have ever been observed in the Cas- 
pian sea, or in any of the great North American Lakes. 
This is owing to the fact that the attractive forces ex- 
erted by the moon upon the waters of a lake are so nearly 
the same in every part, that no sensible difference can ex- 
ist ; and as the tides are caused by the differences that 
occur in the amount of attraction, it*follows that where 
there is no difference there is no tide. These remarks 
apply with greater force to the attraction of the sun. It 
is only in the ocean that the expanse of water is suffi- 
ciently great to cause such an inequality of action, both 
in the lunar and solar attraction, as to produce tides. Of 

State the cnseB cited 1 Explain derivative tidei ? State what is said respecting derma- 
tiv* tides aicending long rivers ? Give the facts in regard to the Amazon 1 Have tides 
Iteen noticed in lakes and inland seas 7 Why do they not occur iu such wat«n 1 
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course inland seas and lakes can have no derivative 
tides, 

704. In the Mediterranean and Black Seas, which are 
almost entirely encircled by land, the tides are scarcely 
perceptible, 

705. The aimosphere like the ocean must have its tides^ 
but they are so exceedingly minute in extent that it is 
barely possible to detect them. Col. Sabine, from daily 
barometrical observations at St Helena, succeeded in 
discovering, that on an average the mercury in the ihstru- 
menf was OTie-four thousandth of an inch higher at the time 
the moon crossed the meridian^ either above or behw the 
horizon^ than when she was midway between these limits. 

706. In the other planets of the solar system, that are 
attended by moons, tides must also exist, ill their orbs are 
covered by oceans and enveloped in atmospheres. The 
phenomenon we have been considering is therefore not 
necessarily confined to the earth. 



CHAPTER VIII. 

TERRESTRIAL LONGITUDE. 



707. In order to determine the precise sitilation of a 
place on land, or a ship at sea, their respective latitudes 
and longitudes must be known, (Art. 58.) It is of the 
utmost importance to mankind that these measurements 
should be ascertained with great accuracy, especially on 
the ocean, in order that the mariner may know his eaxxct 
position in the midst of dimmers, that threaten the lives 
and property entrusted to his care. 

708. LatiMuie has already been explained and one 
method given by which it can be obtained, (Art. 57 ;) 
we shall now speak of longitude and briefly unfold the 
several methods by which it is determined. This prob- 

What is raid of the tides in the Mediterranean and Black Seas 1 Has the atmoapfaera 
tides 1 State the observations of Col. Sabine 1 May other merabers of the solar sy^m 
possibly hare tides? What is the subject of Chapter VHI. 7 How is the exact position 
of any place on land or sea ascertained 1 Why is it important to mankind that th wa 
meaaoramaatt abouU ba freeUdy determined 1 
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lem is intimately connected with astrowymy ; inasmuch 
as eclipses and the motions of the moon afford methods 
most highly prized and extensively employed for ascer- 
taining the longitude. On this account the subject of 
longitude was not introduced in connection with lati- 
tude, but was deferred until the lunar motions and the 
phenomena of eclipses in general had been discussed, 

709. Longitude. The longitude ofanyplajce is its dis- 
tance east or west of a given meridian^ measured in degrees^ 
minutes, and seconds. It can be ascertained hy four meth- 
ods ; 1st. By chroruymeters^ ; 2nd. By m^eans of ecHpses; 
3d. By the electric telegraph ; 4th. By the lunar method. 

710. By Chronometers. Supposing, for example, 
that it is now 12 o'clock at Greenwich, the sun being 
there on the meridian, it is evident that at any place 
15*^ east of Greenwich, it must at this instant be 1 
o'clock ; (Art. 104,) beciause this place, owing to the rota- 
tion of the earth, was in the same position in respect to 
the sun an hour ago, as Greenwich now is. Moreover, 
at a place 15° west of Greenwich' it is now 11 o'clock, 
because the sun will not be on the meridian of this place 
until an hour after it is noon at Greenwich. The heal 
time of the first station will accordingly be faster than 
Greenwich time by cme hour^ and that of the second 
slower by the same quantity, 

711. Now if a person were to travel around the globe 
from east to west or from west to east, with a chronometer 
that kept true Greenwich time ; he could readily ascer- 
tain the longitudes of each of the several places where he 
arrived, reckoning from the meridian of Greenwich, by 
finding the difference between their respective local times 
and the Cfreenvnch time, as indicted by his chronometer. 
Thus, if he traveled u^est to Toronto, the difference be- 
tween Toronto and Greenwich time, would be 6h. 17m. 
26sec., which corresponds to 79^ 21^ 30^^ and is the lon- 
gitude of Toronto west from Greenwich. The differ- 



1. A chronometer is a time-keeper, constructed like a watch, made with 
great care and skill in order that it may measure time as perfectly as possiUe. 

Why U tbe problem of longitude connected with astronomy ? Define loiwttade t Slate 
^four methodi bv which it cun be determined 1 Explain what is meant by local Uwut 
Show how longitude can be determined by tbe ehronomoter 1 Give tbe azample 1 
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ences^ between the heal times of two or more places thus 
measure the diflferences of their longitudes. 

712. If chronometers kept joerfecttime, no other method 
would be required to determine the longitude, but they 
are liable to errors in their rate of going, and thouga 
they have of late been greatly improved, yet they can 
not in general be relied upon for this purpose.' 

713. By Eclipses. The eclipses of Jupiter's satellites 
are phenomena, which are tnsibk at once from all parts 
of the world where the planet is above the horizon. If 
therefore to-night an eclipse of a satellite should be 
noted at any two places on the globe, the difference in 
the local times of these places would give the difference of 
their longitudes, 

714. But the laws that govern the motions of these 
bodies are well known, and the time of the occurrence 
of their eclipses at any station, as at Greenwich Obser- 
vatory, can be calculated beforehand. Such calculations 
are accordingly made and published in tables. 

When, therefore, an observer at New Yorky for in- 
stance, notes a certain eclipse of a satellite, he can as- 
certain the longitude of his station by taking his Green- 
wich tables, finding the time when this eclipse was 
predicted to occur at that observatory, and then com- 
paring it with the heal time of New York when the same 
event happened there. 

715. The eclipses of the sun and moon are employed 
for the same purpose. This mode of obtaining the lon- 
gitude does not admit of great accuracy, since it is im- 

1. A difference in local time of one hour corresponds to 150 of longitude, 

« " " o{ one minute " "15'" " 

« « " of one second " « 15'' " " 

2. GhroDometers have however been constructed of snrpassing accuracy. 
Thirty years ago an English artist of the name of French made two chro- 
nometerSf which kept time which such exactness, that with one of them a 
navigator could have sailed to China and hack again without making 
more than half a mile of error in his longitude. And with the other he 
could have tailed around the world, without having his greatest error in 
longitude exceed fifty or sixty rods. 

Of what are the difiereaces of local timet the measures t Why ean not chronometen 
in general be relied on for detennininff the longitude? Explain how lonjritude ean be aa- 
eertained by means of ecliptes 1 What other eclipses besideii those of Jupiter's satellites 
are employed for this purpese 1 



Digitized 



by Google 



288 SOLAB SY8TSM. 

possible to determine with perfect precision the exact 
moment when an eclipse begins and ends, * It is of no nse 
to the mariner, for it can only be employed on land. 

716. By the Electric Telegraph. If two places 
are connected by tekgraphic lines, the difference of their 
kmgiiudes can be easily obtained by transmitting signals 
from one station to the other, and finding the dy^erence in 
their local times. Thus, for example, if at the very 
moment a star is on the meridian of Philadelphia an ob- 
server there touches the telegraphic key ana signalizes 
the fact to Washington, the touching of the hey at the^br- 
wer city, and the movement of the recording pen at the laUer 
occur simvltaneously. Then, by comparing the PhUa- 
d^hm time when these events happened with the 
WashingUyti time, the difference in the foaw times of the two 
cities is obtained, and consequently the diflference in 
their longitudes.* 

717- In this manner, substantially, the respective dif- 
ferences of longitudes between Washington, Philadel- 
phia, and Jersey City, were ascertained with great 
exactness in the summer of 1847. 

In the following year, the difference of longitude be- 
tween New York and Cambridge, and also that between 
Philadelphia and Cincinnati, were obtained by the same 
method. 

718, This mode of determining longitude is not of 
universal application, but is regarded as one of the best 
wherever it can be employed, since it admits of great 
accuracy. 

719. Lunar Method. The motions of the moon are 

1. In the determination of the longitude by means of an eclipse it most 
necessarily be observed by different persone, and with different telescopet. 
But telescopes tary in their power of revealing objects, and observers difl^r 
in the keenness of their vision. It thus happens that two persons, side by 
side, may assign dilTeFent times to the beginning ot ending of an eclipse. 

2. Since the electric current occupies about one eecSkd of time in going 
through a space of 16,000 mt/e«, allowance must be made for this retar^ 
dation in very long distances. In short distances it may be safely neg- 
lected. 

Whjr is not this mode of determining the longitude one of great exactness 1 Where 
can this mode onlv be used ? Explain in what manner the longitude is obtained bj 
the electric telegraph ? In what instances has it thus been determined ? What is said re* 
specting the extent to which this mode can be employed 1 Wb&t in regard to the Moo- 
racy attainable by it 1 
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now 80 well known, and her course tlrrough the heavens 
so precisely ascertained, that an astronomer can predict 
for every tenth secoiid oi time, for years to come, ihe places 
of the moon in the sky corresponding to these seconds. 
Her eocact position bemg fixed, by ascertaining her dis- 
tance from the sun, and from certain of the planets and 
several conspicuous stars that lie alqpg her pathway in 
the heavens. 

720. Tables of the moon's positions are computed with 
great care at well known observatories, in tne reckon- 
ing of their respective local times; and by the aid of 
these, an observer, either on sea or land, determines the 
longitude of his station without difficulty. 

721. The problem is thus solved. If a sailor, for in- 
stance, observes at 10 o'clock P. M., according to his oivn 
time, the position of the moon in respect to Jupiter, and 
finds upon turning to his Greenwich tables, that she is 
in the same position at Greenwich at 8 o'clock P. M. ; he 
knows at once that he is in longitude 80° ea^t of Green- 
wich ; for the difference in the heal times is tiuo hours, 
and the Greenwich time is behind his own. 

Describe the lunar method^ and give the illustration ? 

25 
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PART THIRD. 

TBI BTAmRT HBATKNt. 



CHAPTER I. 

OF THE FIXXD STABS IK OSNERAL AND THE CONSTELLATIONa 

722. We pass now in imagination beyond the solar 
system and direct our attention to those heavenly bodies 
tnat lie beyond it. 

723. The Fixed Stars. When we gaze at night 
upon the unclouded sky we behold, in addition to the 
objects aJreadjr described, a multitude of sparkling orfe, 
varying in hnghtness and magnitude. These are termed 
the fixed stars, not because they are known to be actu- 
ally stationary in space, for many of the stars are un- 
doubtedly in motion, and possibly all may be ; but from 
the fact that their changes in position, wherever noticed, 
are so shw, that compared witn the swiftly moving mem- 
bers of the solar system, they may be regarded as fixed. 

724. Magnitudes. Astronomers have classed the 
fixed stars according to their degrees of brightness. Those 
possessing the greatest splendor are termed stars of the 
first magnitude, while others which differ from the first 
by a perceptible diminution of brightness rank as stars of 
the second magnitude ; and so on to the seventh magnitude, 
which is the limit of visibility to the naked eye. But the 
telescope now comes to our aia, and we discern stars rang- 
ing down in minuteness from the seventh to the sixteenth 
magnitude ; and the series ends, even here, not from the 
want of stars to discover, but because our noblest instru- 
ments have not suf&cient power to detect them. 

725. It will be readily seen that this mode of classifi- 

What doM Part Third treat of? What is the sabjeet of Chapter 1. 1 To what do w« 
now direct our attention ? What it said of the J^ei atart f How have they beeo classed 
by astronomers ? How many magnitudes are visible to the naked eye ? How far are these 
magnitudes extended by the telescope? 
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• • 
cation is arbitrary in its nature. The diminution in 
brightness, which distinguishes a star of one magnitude 
from that which immediately precedes it, can not be de* 
termined with mathematical precision, and is estimated 
by the eye alone. It therefore will vary with diflferent 
persons, and it is impossible to tell. where one magnitude 
ends and another begins ; nevertheless, usage has deter- 
mined among astronomers under what magnitudes are to 
be placed the numerous stars mapped down upon their 
star-charts and celestal globes. 

726. It must also be borne in mind, that the assumed 
magnitude of a star determines nothing as to its real size. 
For the fixed stars are at diflferent distances from us, and 
consequently a star of moderate size may, from its com- 
parative proximitjr, shine with great splendor and be a 
conspicuous object in the heavens — while another^ which 
£qx surpasses it in intrinsic brightness and magnitude, 
may yet be so remote as to rank many degrees of mag- 
nitude below the former, and perhaps be merged in ob- 
scurity amid crowds of orbs possessing equal splendor. 

727. Number of Stars. The stars are literally in- 
numerable. There are but 23 or 24 of the first magni- 
tude, from 50 to 60 of the second, about 200 of the third; 
and as we descend in the scale the number comprised in 
the diflferent classes rapidly increases. The number 
already noted down, from the^r^^ to the seventh magni- 
tude inclusive, amounts to from 12 to 15,000, while the 
entire number registered amounts to 150,000 or 200,000. 

728. But when the telescope sounds the depths of 
space, the heavens appear to be blazing with bright 
orbs, and the more powerful the instrument the more 
numerous are the stars revealed. Sir Wm. Herschel 
estimated, that, in a certain region of the sky remarkably 
rich with stars no less than 116,000 passed through the 
field of his telescope in the space of fifteen minutes, and 

Do the magnitudei mentioned indade all the stars that exist ? What is said respectinf 
this elassifieatioa ? Does the assumed magnitude of any star determine any thing respeet- 
ioff its actuo/ me 7 Why not t What is said respecting the number of the stars 1 How 
many are there of the>Er«( ma^itudel Of the atcond 7 Of the third f What is said 
of their number as we descend in the scale 1 How many are noted down from the first to 
the »e9eiUk magnitude ? What is the amount of the entire list registered 1 What is said 
of the number of stars observed when the ttlescem is employed ? What estimate wai 
made by Sir Wm. Herschell 
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throughout the entire expanse of the heavens, it is reck- 
oned that at least one hundred millions of stars are within 
the range of telescopic vision. 

729. Distance of the Fixed Stars. We have seen 
(Page 65, note) that the parallax of a heavenly body 
(as the moon) can be obtained, when it is viewed by 
aifferent observers at the same time from dififerent parte 
of the earth. And the parallax being known, the dis- 

. iance of the body from the earth can be computed without 
difficulty, (Art. 263.) 

730. But when we attempt the same mode of obser- 
vation on a fixed star, no parallax can be obtained; for so 
distant is the star, that tiie supposed lines drawn to it 
from the dififerent places of observation make no appre- 
ciable angle with each other, but are parallel 

731. Astronomers, have therefore adopted another 
method, which consists in observing the position of a star 
in the heavens at some particular time, and repeating the 
observation six months afterwards, when the earth is in 
the opposite part of her orbit. The astronomer thus 
notes the situation of the star from two stations in space 
190,000,000 miles asunder. But even this vast interval 
between the two points of observation produces so small 
a displacement of the star in the heavens, that obser- 
vers were unable, until lately, to determine whether the 
star was really unchanged in position or not, 

732. Accordingly if an inhabitant of one of the near- 
est foced stars (if such inhabitants there are) were able to 
discern the earth, it would be difficult also for him to 
decide whether it moved or not in the heavens ; for the en- 
tire space comprised in its orbit would at this immense dis- 
tance occupy but a m^e point of the sky. 

733. In the beginning of the present century astron- 
omers had advanced so far in tneir knowledge of the 
fixed stars, as to feel confident that no star visible in the 
northern latitudes could have a greater parallax than V% 

How many itan ar« believed to be within the ranj^e of teletcopic vision t. How iM the 
dtitance of a heavenly body obtained ? Can the parallax of a fixed star be found in the 
same way as that of the moon 1 What other method has been pursued by astronomers 1 
Has it succeeded ? Would the earth in passing from one part or its orbit to the ^posite^ 
change its apparent place in the heavens if observed from the nearest fixed star 1 What 
knbwedfe had astronomers of the parallax of tfie fixed stars at the beginning of the pres- 
ent century 1 
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when viewed from two points in space separated by an 
interval equal to the distance of the earth from the sun. 
They had not succeeded in determining the exact value 
of the parallax of any star, yet they were sure that it 
could not exceed the quantity just mentioned. But since 
the above period the problem has been solved. Th« 
able astronomers of Europe, changing their method of 
investigation, at last directed their exquisitely con- 
structed instruments towards a class of stars, termed 
binary stars (of which we shall soon speak,) and from 
numerous series of observations of the most refined na- 
ture have at length determined the parallax of several fixed 
stars. 

734. Parallax and Distance of Alpha Centauri. 
In the years 1832 and 1833, Prof. Henderson, of Edin- 
burg, made an extended series of observations, at the Cape 
of Good Hope, upon the star Alpha in the constellation 
of the Centaur, (« Ckntaurt) one of the brightest stars 
of the southern hemisphere, from which he deduced a 
parallax of V\ Other observations, made by Mr. Mac- 
lear in 1839 and 1840, with a much finer instrument, 
gave almost precisely the same result. 

735. The parallax of Alpha Centauri, exceeds the 
known parallax of any other star, and, since the greater 
the parallax the less the.ciwtoncc, (Art. 95,) we may re- 
gard this star as the nearest of all ike fixed stars. Since 

•we know its paraUax^ we can compute its distance from 
the earth in mttes, by proceeding in the manner we have 
frequently explained before. 

736. In Fig. 84, let S represent the star a Osntauri, 
AB the radmroftke eariKs orbit, SA and SB two imagi- 
nary lines drawn from the star, one to the sun at B, and 
the other to the earth at A ; ASB an au^le of 1^' and 

^AS a right angle. Now take A*B*S' a triangle similar 
to ABS, and supposing S*A* to be one mile in length 
A*B' will he forty-eight thousand four hundred and eighty- 
one ten thousand mUlionths of a mile (.0000048481 miles.) 

Since this period has the parallax of any star been discovered 1 In what manoer? 

Give an account of the researches of Prof. Henderson and Mr. Maclearl What is the 

• parallax of Alpha Centauri 1 How does it compare in amount with that of other fixed 

stars 1 What inference is made from this fact 1 Haviof the parallax of a star, explain 

how its distance from the earth can be computed 1 

25* 
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7S7. Calling AB 95,000,000 miles, we obtain from 
the similar triangles the following proportions; viz., 
A'B' (.0000048481ths miles) : S«A* (1 n^ile) : : AB 

no 84. 




DMTANCB OF A FIXKD STAE. 

(95,000,000 mil^) : SA : multiplying the second and 
third terms together and dividing by ui^firsty we obtain 
the value of SA, the distance of the earth from the star, ' 
and find it to be nearly 19,600,000,000,000 miles, almost 
twenty millions of millions of miles, 

737. The velocity of light is 192,000 miles per second, 
it would therefore take a ray of light about three years 
and a quarter to travel from the nearest fixed star to the 
earth. 

788. Parallax and Distance of 61 Cygni. In 
1838, Bessel, the renowned astronomer of Konigsberg, 
ascertained, beyond a doubt, the parallax of a double 
star in the constellation of the Swan, termed 61 Cygni. 
It was found to be about on^ third of a second (.848^^)^ 
which proved that this star was distant from the earth, 
592,000 times the earth's distance from the sun. It would 
take a ray of light more than nine years to pass from this 
star to our globe. • Up to the present time the parallax 
of nine stars has been obtamed, with more or less 
exactness. 

739. Nature and Intrinsic splendor of the. 
Fixed Stars. The fioced stars are supposed to Ije suns 

1. The dUtanee of the star /rom the earth may be resarded aa equal to 
ita dietance from the $un for the reason mentioDed in (Art. 732.) In the 
above figure therefore the line SB may be considered equal to SA. 

What it thft diiUnce of the itar Alpha Centauri from th« earth in mile* 1 How many 
ftawa would it uke for a ray of lifht to travel from this, the nearest fixed ttar, to the earth 1 « 
When and hy whom wat the pa^illax of 61 Cygni discovered ? Bow great it it ? How 
far is this star from us 1 Of how many.stars hu the parallax been computed ? 
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shining by their otvn light Some of them greatly ex- 
ceed our own in splendor. From computations oased 
upon parallax, it has been estimated that Alpha Centauri 
possesses a brilliancy two and one third times (2.32) greater 
than that of our sun, while the dog-star Sirius, a magni- 
ficent orb, shines with the brightness of sixty-three suns. 

THE CONSTELLATIONS 

740. In geography, we observe that the entire surface 
of the globe is divided and subdivided into numerous 
regions and districts under diflferent names. So likewise 
in the records of Astronomy we find, that from the ear- 
liest ages', the visible heavens have been divided into 
spaces, termed constellations, which are supposed to be oc- 
cupied by the figures of animals and other objects ; and 
whose names they respectively bear. 

In some few instances the grouping of the stars 
^that form a constellation, bears some resemblance to the 
figure which designates it, but for the most part we look 
in vain for any such correspondence. 

741. Their Use. The constellations serve to indi- 
cate in a general manner whereabout a star is situated in 
the heavens, without fixing its excu:t position. Thus if a 
star is said to be in the head of the Bull, we know some- 
thing respecting its situation, but there are many stars in 
the head of the Bull, and we can not tell what star is 
meant unless either its right ascension and declination are 
given, or its celestial latitude and longitude. These meas- 
urements determine its precise situation in the heavens 
and designate- the star. 

742. To illustrate from geography. K a traveler were 
to speak of an adventure that occurred in Egypt, we 

1. In the book of Job, which, according to chronologists was written at 
least 3,300 years ago, the constellations of Orion and the Pleiades are par- 
ticularly mentioned. The oldest Greek poets also speak of several of the 
constellations and principal stars. Thus Homer mentions Orion, the Bear, 
the Pleiades, and Hyades. 

State what ii said respecting the nature and intrinsic splendor of the stars? How have 
the visible heavens been divided from the earliest times ? In what manner have these 
spaces been supposed to be occupied ? What is said of the resemblance of the grouping 
of the stars in a constellation to the figure which represents iti What do the constella- 
tions serve to indicate 1 How is thepreet«e situation of a star ascertained ? 
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should know whei^eabout on the surface of the globe it 
happened, but not ikQ precise place. This, however, we 
should ascertain at once if the latitude and longitude of 
the place were mentioned. 

743. The Stars in the Constellations. — ^How 
DESIGNATED. The stars of each constellation are dis- 
tinguished from one another on celestial globes and star- 

• charts by prefixing the first letter of the Oreek alphabet 
to the narne of any constellation, in order to designate the 
brightest star in mat constellation. The second letter 
thus prefixed indicates the second brightest star, and so 
on through the entire alphabet. For example « Lyrae, or 
Alpha LyrsB is the brightest star in the constellation of 
the Lyre, ^ Orionis, or Beta Orionis, the second brightest 
star in the constellation of Orion, and y Virginis, or 
Gamma Virginis, the third brightest star in the constel- 
lation of the Virgin. 

744. When the stars that compose a constellation ai© 
more numerous, than the letters of the Greek alphabet, 
the Roman alphabet is employed when the GreeK is ex- 
hausted ; the letters being taKen in their natural order, 
a, b, c, d, &c. But even these are insufficient, for the 
stars comprised within the largest constellations are 
reckoned by hundreds and thousands, and figures are 
therefore used when the stars of a constellation ex- 
ceed in number the letters of the two alphabets. 

745. Principal Constellations. A list of the chief 
constellations is given below. 

CONSTELLATIONS NORTH 01? THB ZODUC. 

Gassiopea, Hercules, 

Andromeda, The Serpent. 

The Triangles, Ophiuchus. 

Perseus, Lyra, the Harp. 

The Gamelopard, Aquila, the Eagle. 
Auriga, the Charioteer, Antinous. 

The Lynx, Sobieski's Shield. 

The Lesser' Lion, Sagitta, the Arrow, 

niaitnte f^om geography ? Explain fully in what manner the rtan in any constella- 
tion are distinguished from each other 1 Recite the names of the principal constdlations 
iMrtA of the Zodiaci 
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Ursa Major, the Great 

Bear. 
The Dragon, 
Berenice's Hair, 
The Greyhounds, 
Bootes, 

Mount Menalus, 
The Northern Crown. 
Ursa Minor, the Lesser 

Bear. 



The Fox and Goose. 
Cygnus, the Swan. 
Delphinus, the Dolphin. 
The Lesser Horse. 
Pegasus, the Winged 

Horae. 
The Lizard. 

CEPHEUa 



CONSTEUATIONS OF THE ZODUG. 



Aries, the Ram, 
Taurus, the Bull, 
Gemini, the Twins, 
Cancer, the Crab, 
Leo, the Lion, 
Virgo, the Virgin, 
Libra, the Scales, 



Scorpio, the Scorpion, 
Sagittarius, the Archer, 
Capricornus, the Goat, 
Aquarius, the Water- 
bearer. 
Pisces, the Pish. 



CONSTELLATIONS SOUTH OF TSR ZODUG. 



The Hydra, 
The Cup, 
CoRVUS, the Crow, 
The Sextant, 
Centaurus, the Centaur, 
Lupus, the Wolf, 
The Southern Fish. 



Cetus, the Whale, 
Eridanus, 
Orion, 
The Hare, 
The Unicorn, 
The Great Dog, 
The Lesser Dog, 
Argo Navis, the Ship. 

746. These arbitrary divisions of the heavens are 
but of little practical use. "Astronomers," says Sir 
John Herschel, " treat the constellations lightly, or al- 
together disregard them, except for briefly naming re- 
markable stars. Nor is this disregard causeless, for they 
seem to have been almost purposely named and delinea- 
ted to cause as ;much confusion as possible. Innumera- 
ble snakes twine through long areas of the heavens 

Raeito the namM of the prineipftl coDstellatioas of the ZUkliae and of thoM south of the 
Zodiae 1 Are thaw arbitvary diTbions of much me ? What does Sir John HeiMliel say 
retpectiof them t 
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where no memory can follow them, and bears, lions, and 
Jishes, large and small, northern and southern, confuse 
all nomenclature." 

747. How TO STUDY THE HEAVENa In order to 
obtain a knowledge of the relative positions of the 
stars, the student of astronomy must gaze upon the 
heavens />r himself. Globes, books, and maps are but of 
little use dUme. They are merely intended to aid him, 
as he studies nieht aner night the glowing fields of the 
firmament, which he can never fuUjr explore. 

748. Although the present work is designed simply 
to teach the science of astronomy, and not ^uranography, 
or what has sometimes been called "the geography ofAe 
heavens,^^ it may nevertheless be of advantage to the 
student to speak briefly of the means which he possesses 
to enable him to obtain a knowledge of the neavens, 
and also to show him how he is to use them. 

749. The Celestial Globe. A celestial globe is a 
sphere, on the oiUer surface of which the constellations are 
delineated, and numerous stars and other objects in the 
visible heavens laid down with as much precision as 
possible. 

It is, therefore, a faithfvl copy of the celestial sphere. 
Ninety degrees from each pole a strongly marked line 
encompasses the globe representinff the celestial equator, 
and inclined to this, at the angle indicating the oblicjuity 
of the ecliptic (23^ 2T 48'^4) is another great circle, 
representing the ecliptic. One of the points were these 
two great circles intersect is the first of Aries, From 
this point the celestial equator is graduated into degrees 
and parts of degrees, indicating arcs of right ascension ; and 
from the same point the ecliptic is graduated in like 
manner into arcs of celestial longitude. The ecliptic is, 
moreover, divided into the twelve signs, marked with 
their corresponding months and days. 

750. The globe is surrounded by a brass ring, the norffi 
and south poles of the former being connected with the 

Uranography, derived from the Greek ouranon, heavens, aod graphi, a 
detoription, i.e., a deacription of the heavens. 

How art Um htaveoa to be itadied 1 Dticribt Um ceWitial flobt 1 
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Jatier by means o{ pivots; so that the globe .can easily 
revolve within the ring. The brass ring is accordingly 
a celestial ineridian^ and being graduated from the 
^itator to either pole, from 0° to 90°, it measures arcs of 
declination. This ring^ with the ghbe attached to it, is set 
upright in a socket in which it readily slides, so that any 
required elevation can be given to the poles of the globe. 
Enclosing the whole, and mounted upon a frame, is a 
flatj broad ring representing the celestial horizon; on the 
surface of which, for the sake of reference, the signs of the 
zodiac are drawn, and the sun^s place in the ecUptic set 
down for every day in the year. 

751. Around one of the poles of the globe a smaU 
circle is described having tne pole for its center^ the 
circumference being divided into 24 equal parts, marking 
the hours of the entire day. Attached to the pivot 
at the pole is a brass needle^ which, as the globe re- 
volves, remains stationary, and thus successively points 
to the hours of the day, as the numbers which indicate 
them pass in their turn beneath it. Other particulars 
might be mentioned respecting the celestial globe, but 
this description suffices for our present purpose. 

752. How TO USE THE GLOBE. We will suppose it 
to be night ; the student has his globe before mm, and 
the stars shine clearly in the heavens. How shall he 
arrange his globe, so that the hemisphere that rises 
above its artificial horizon shall exactly represent the 
starrv hemisphere that now glows above and around 
him ? It is adjusted by the following rule. Elevate the 
pole above the artificial horizon^ to an altitude equal to the 
latitude of the place of observation. Then find Ae position 
of the sun in me ecliptic on the day of observation^ and bring 
this point of the ecliptic directly beneath the brass meridian. 
Now turn the index to XII^ and then cause the globe to re- 
volve westward until the index points to the hour of ob- 
servation. The consieUatixms figured on the globe are 
th^n situated, in respect to its artificial horizon, just as 

1. In the regions of the earth north of the equator the north pole of the 
celestial globe must of course be elevated ; and in those lying eouth, the 
mtuth pole. 

Explain bow tiM eelettial globe it to be adjusted Mid iiMd ? 
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the real constellations are, in regard to the trm celestial 
horizon^ 

753. The student thus prepared commences his study 
of the heavens/ and by comparing his globe from night 
to night with the skies, he will at length become fami- 
liar with the position of the constellations, and of the 
principal stars that compose them. 

764. Star Maps. On account of the expense' of 
globes, various celestial atlases and charts have been 
made for those just beginning the study of the heavens, 
accompanied by exj)lanatory text books.* In these 
only the most conspicuous stars are represented and 
described. For the advanced student and finished astro- 
nomer, star maps more full and elaborate are constructed 
with the utmost minuteness of detail ; all the known stars 
being laid down in them with the greatest exactness. 

755. By diligently comparing, under the guidance 
of their particular text books, these elementary charts 
with the heavens, the student soon obtains a general 
knowledge of the various constellationSj and the respeo* 
tive situations of the most conspicuous stars. 



DIFPBRENT KINDS OF STAE& 8TELUR MOHONa BINARY 
SYSTEMS. 



CHAPTER II. 

IF STABa STELLA] 
SYSTEMS. 

756. Periodical Stars, Among the fixed stars 

1. For example, it being required to find by the globe what stars are 
above the horizon at Hartford, Ct, on the 12th July, 1854, at 10 o'clock 
P.M., proceed by the rule as follows. Elevate the north pole of tfie f^che 
410 45' 59" (the latitude of Hartford) above the artificial horizon. Then 
find from the globe the place of the sun in the ecliptic at noon on this day, 
and bring this point of the ecliptic directly under the braes meridian. 
Next turn the index of the hour circle to XII, on the circumference of the 
hour circle, and lastly revolve the gk^ westward until the hour hadex 
points to X. The Juinisphere of the celestial globe above the artificial 
horizon will then fiuthfully represent the visible heavens at 10 oVlock, 
P.M., on the 12th of July 1854. 

2. For instance Burritt's Geography of the Heavens. An excellent and 
cheap star chart, has been published by the Society for the Difiiision of 
Useful Knowledge. 

State what ii laid of celestial charts and mapsi What subjects are discussed in 
CSiapter II. 
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several have been noticed which are snbject to periodtodl 
flucUmtiona in brightness^ and in one or two instances the 
star alternately vanishes and reappears ; these are termed 
periodical or variable stars. 

757. MiBA. The most remarkable orb of this class, 
and which has been observed for the longest time, is the 
star Mira (o Oeti) in the constellation of the Whale. 

Its changing splendor was first noticed by Fabricius in 
1696. It appears about twelve times in eleven years, ^ 
shining then for a space of tux) weeks with its greatest 
brilliancy, sometimes like a star of the second magnitude. 
It then decreases for about three months^ till it becomes 
invisible to the naked eye, and so continues for the space 
otfive months more ; after which it increases in magni- 
tude and brightness f(5r the remainder of its period. 

768. Algk)l. Another conspicuous periodical star is 
Algol in the con^llation of Perseus {^ Persei). 

It generally shines a3 a star of the second magnitudcj and 
continues so for 2d. 13h. 30m., when its splendor all at once 
diminishes; and in about 3^ hours it appears only as a 
star of the four A magnitude. Thus it remains for nearly 
fifteen minutes, when it begins to increase, and in 3| hours 
regains its original brightness ; passing through all these 
variations in 2d. 20h. 49m. It is the opinion of astrono- 
mers, that these fluctuations may be caused by the revo- 
lution of some dark body around this singular star, which 
intercepts a large portion of the stellar light, when 
it is betiwem the star and the earth. Between 80 and 
40 varifMe stars have been detected by different ob- 
servers, whose periods of changing brightness vary 
from a few days to many years, and the number dis- 
covered is annually increasing; so close a watch is 
kept upon the heavens by the sleepless eye of the 
astronomer. 

769. Temporary Stars. In different parts of the 

1. Ita period is 331 d. 15h. 7in. By the term period is here understood 
in general the intenral that elapses from the time of the star's greatest 
splendor to the time when it is next agi^n brightest. 

"WhnX vn periodUal or vartoMe stan 1 Describe the viiriatiooi of Mira And Jllgolt 
What it tapposed to be the cauM of the variations of Algol ? How manT periodical stars 
are now known 1 What is said as to the lengths of their respective jyertMff f Is the list 
continually increasing ? What are temporary stars 1 

26 
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heavens, stars have now and then been seen Bhining 
forth with great splendor, and after reihaining for awhile 
apparently fixed, have gradually faded away, and to all 
appearance become extinct These are called tem^rary 
stars, and differ from variable stars in this particular, 
that after once vanishing from our sight, they have 
never been certainly IcTiown to reappear froTti time to time. 
Perhaps when the science of astronomy is still farther 
advanced, it may be found that temporary stars, so 
called, are but in fact variable stars, of whose long 
periods of change we are yet ignorant 

760. A temporary star is said to have been observed 
-by Hipparchus, of Alexandria, in the year 125 B.C., 
which suddenly flashed forth in the heavens with such 
splendor as to oe visible in the day time. 

. In the year 889 A.D., a star of this class appewred in 
the constellation of the Eo,gle. For the space of time 
weeks it shone with the brilliancy of Venus, and then 
died entirely away. Temporary stars of great splendor 
were likewise seen in the years 945, 1264, and 1672 
between the constellations of Cepheus and Cassiopea, 
From the circumstance that these stars appeared in the 
same region of the heavens, and also from the fact that 
the intervals of time between their epochs are almost 
equal, it has been supposed that they are one and the 
same star, which has a period of 312 years or possibly 
of 156. 

761. The appearance of the star of 1572 was very 
sudden. The renowned Danish astronomer, Tycho 
Brahe, upon returning from his laboratory to his house, 
on the evening of the 11th of November 1572, found a 
number of persons gazing upon a star, which he was 
confident did not exist half an hour be/ore. It was 
then as brilliant as Sirius, and continued to incr^ee 
in splendor till it eocceeded Jupiter in brightness, and was 
even visibk at noonday. In December of the same year 
it began to fade, and by March, 1574, had completely 
disappeared. A temporary star of equal splendor blazed 

What ina^ th«7 perhapi at len/^ be found, to be 1 Have temporary itan been no- 
ticed only in modern timet ? Deicribe the Ummorarn stars obcerved lo the yean 369i 
945,12m; 1578, and 1570 A.»,1 ^ ' • 
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forth on the 10th of October, 1604, in the constellation 
of Serpentarius, which continued visible for a year. 

Another star of this kind, though less briUiant^ was dis- 
covered in 1670 in the constellation of the Swan, It be- 
came invistbk, and then reappeared; when after being sub- 
ject to strange variations in its light for the space of two 
years it at length vanished, and has never been seen again. 

762. The phenomenon of temporary stars has not jet 
ceased. Mr. J. E. Hind, who has distinguished him- 
self by the discovery of so many planets, detected a 
temporary star on the night of the 28th of April, 1848, 
in the constellation of Ophiuchus. From his perfect ac- 
quaintance with this region of the heavens, Mr. Hind 
was sure that, up to the 6th of April, no star here existed 
below the ninth magnitude. The star in question was 
between th^Q fifth and sixth magnitude at the time of its 
discovery, and shone with a ruddy hue. On the 2d of 
May of the same year it was of the fifth magnitude, and 
on the 24th of the sixth. By the 16th of August it had 
decreased to the seventh magnitude, and on me 23d of 
March, 1849, it ranked as a star of the eighth magnitude. 
In the month of June, 1860, according to Professor 
Loomis, it could not be found. 

763. By comparing the heavens with existing star- 
charts, and the ancient catalogues of stars with the modem, 
it has been found that many stars are missing. " There 
is no doubt," says Sir John Herschel, " that these losses 
have arisen in the great majority of instances, from mis- 
taken entries, and in some from planets having been 
mistaken for stars ; yet in some it is equally certain, 
that there is no mistake in the observation or entry, and 
that the star has been reaUy observed and as really has 
disappeared fipom the heavens." The class of temporary 
stars may therefore be much greater than is usually sup- 
posed, since, hitherto, it is only the most splendia that 
have attracted observation, and whose phenomena are 
recorded in the annals of science. 

Bm any ttar of thii claw bsen lately discovered 1 By whom and when 1 Relate the 
phenooiena <^ this iCar? What it discovered' by eompafing the hmvtn* mth eeUttial 
maps, and the ancient cataloanies of stars with the modem. What is remarked by Sir 
John Herschel oii this poipt. b there reason fbr believinf that the number of temporary 
stars is freater than is generally imagined 1- 
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764. Double STABa Man j stars wMch appear ^n^fe 
to the unaided eye, are found, when viewed through the 
telescope, to be in fact two distinct stars separated by a 
very small interval. Moreover, numerous telescopic stars, 
which are seen single when examined with ordinary in- 
struments, are resolved into ttvo when observed through 
telescopes of high magnifying powers. Stars of this 
kind are termed double stars. 

765. Oastob— Alpha Centaubi— 61 Cygni. ^ The 
bright star Oastor is one of the finest examples of a 
doMe star, it consists of two stars of between the third 
and fourth magnitude wittin 6'' of each other. Alpha 
Centaurij the nearest fixed star (Art 785,) is also a re- 
markable doiMe star, each of the component stars being 
at least of the second magnitude, and separated from each 
other by an interval of about 16'^ The star 61 Cygni, 
whose aistance from the earth was computed bv Bessel, 
(Art 788,) belongs aho to this class ; the individuals that 
compose it being of about the seventh magnitude, nearly 
equal in size, and about 15^^ from each other. 

766. OoLOBED double stabs. Many double stars 
display a beautiful variety^ colors, the component stans 
being of diflferent hues.* Thus in the case of the double 
star Iota, in the constellation of the Crab, (i Gancri,) the 
brightest of the component stars is yeUow while the other 
is blue. The double star Gamma in the constellation of 
Andromeda (y Andromeda©,) presents a different varia- 
tion ; the most brilliant component being red and its 
companion green. The star Eta in the constellation 
of Oassiopea, {v Cassiopeae,) displays a combination 
of a large white star with a small one of a rich ruddy 
purple. 

767. It is a singular fact that among double stars the 
larger component star is never blue, or green, while the 
smaller may be bltie, green^ or purple. Singh stars of a 

1. These colon are flometimes the mere ^feot of eontmit, that is, are 
complementary : but Uiey are not always so, for in numerons cases the 
component stars are re4iUy of diflbrent^ors. 

What an douUe start 7 Give examplM I What peeoliaritits in twpaat to iba eo i a w 
of the tompanion stan in obMnrad ? Is tbera onhr an eppermd dilbrMea in eolor 1 CUvo 
inttanoat of flored deuNe tturtf What has Men notioed in legard to the rtpe^ivt 
coiors of the companion start 7 



Digitized 



by Google 



NUMBER OF DOUBLE AND MULTIPLE STARS. 805 

deep red hue shine forth in various parts of the heayens, 
many of which are variable. 

768. Triple, and Quadruple or Multiple, Stars. 
When stars, which under common instruments appear 
double^ are viewed through telescopes of greater power, a 
still further separation is not unfrequently efiEected. In 
some instances, one of the tvnn stars is resolved into two, 
and the combination is then termed a tripk star. In other 
cases, each of the two component stars is separated into 
two ; and since all the four appear but as a single star to 
the naked eye, it is called a qxmdruple, or multiple star. 

769. Examples. The star Zeta in the constellation 
of the Crab, (C Cancri,) consists of three stars; two very 
close together, the third and smallest being most distant. 
The star Epsilon in the Lyre, (s Lyrae,) is a remarkable 
quadruple star. With telescopes oi low power it appears 
only double, but with the fitfest instruments each compo- 
nent is seen as a double star. The star Theta, in the con- 
stellation of Orion, {0 Ononis,) .is likewise a conspicuous 
multiple star. It consists of four brilliant stars of the 
fourth, sixth, seventh, and eighth magnitude; and two of 
these, according to Sir John Herschel, are each closely 
attended by an exceedingly minute companion st^. 
The arrangement of the several component stars in this 
combination, are shown in Fig. 85. 

FIG. 85. 




TBS. MULTIFLE ITAE THETA IN ORION. 

770. Number op Double and Multiple SxABa 

What peculiar hoe ii diiplayed by many single stars f What are tripls and mulUfit 
start ? Give inatanoei ? 

26* 
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Very few stars of this kind were known previous to the 
latter part of the last century. At this time Sir William 
Herscnel arose, and with instruments at his command 
far superior to any before employed, and which his own 
genius and skill had constructed, entered this field of 
labor. An extraordinary success crowned his exertions. 
Though he knew but four double stars when he com- 
menced his researches, he discovered within a few years 
more than 600, and during his life is said to have 
observed no less than 2,400 double stars. 

771. The subsequent labors of his son. Sir John Her- 
schel, of Sir James South, and of Prof. Struve, of Eus- 
sia, have greatly increased this list In 1833, when Sir 
John Herschel sailed for the Cape of Good Hope, in 
order to observe the celestial objects of the southern 
hemisphere, the whole number of known double stars 
was 3,346. While at the Cape this eminent astronomer 
discovered, in the space of about four years, no less than 
2,196 stars of this kind. The number therefore of 
dovhle stwrs at the present time is between jive and six 
&umsand. 

STELLAR MOTIONa 

. 772. Motion of the Solar System. By comparing 
the positions of three conspicuous stars; viz., Sirius, 
Aldebaran, and Arcturus, as determined by ancient and 

modm^ji observations, Dr, Hallej discovered in 1717, 
A,D,, (after making all due allowance for pred&s^iW, nu- 
tuLiion^ &c.j) that they had changed their places in the 
heavens, ismce the time of Hippnrchus, l4o years B.C. 
This motion is termed their proper motimi. 

The observations of succeeding astronomers hare veri- 
fied these conclusions, and a large number of stars are 
now known to have a proper motion, 

773. In 17S3, Sir William Herschel, by carefully 

To whoirt are we c:|ijiif1j' indebted fur our knowM^e ordoubleand muti^ple ^lanl Give 
•n recount oT h'n Iwhon^ anil lUte h«w lar^e it nainber of lh»» ol^feelt Ik di«c«viiEcd and 
observed t What distinguished astronomers subsequent!? pursued these researches 1 How 
great Was the list of double stars in 1833 1 How many were added by Sir John Herschel 
while at the Cape of Good Hopel What is the entire number at presenti What dis- 
covery was made by Dr. Halley upon comparing the places of certain stars as determined 
b;r aneimt and fM«tf«ni observation ? What is this motion called T Were theM conclu- 
sions verified 1 
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comparing the proper motions of those stars whose 
changes in situation were then best determined, came to 
the conclusion that the sun with aU its planets is ac- 
tually moving from one quarter of the heavens towards the 
opposite region. If the solar system is now really advanc- 
ing through space, the stars belonging to that part of 
the sky toward which it is moving, will necessarily ap- 
pear to us gradually to recede from each other ; while at 
the same time those which are situated in the opposite 
region of the heavens, and from which we are speed- 
ing away, will seem to approach each other and to chse 
together. 

Thus, if a traveler is passing through a forest, the 
trunks of the trees in the distance before him, and toward 
which he is moving, seem to separate farther and farther 
from each other, as he gradually approaches them ; while 
those behind him appear by degrees to come closer 
together. 

774. Phenomena like the preceding were detected by 
Sir William Herschel, in the proper motion of the stars. 
At a point in the constellation of Hercules, he found 
that there had been a gradual separation of the stars, and 
toward this region he believed the solar system was ad- 
vancing. 

776. The views of Herschel have been corroborated 
by the later and more extended observations of some 
of fhe most renowned living astroncwners, and who have 
pushed their researches so &r as to be able to estimate 
the speed of the solar motion. For, according to the 
computations of Struve, the sun, with its train oi planets 
and cometSy is moving with a velocity of 422,000 miles 
a day, toward the same region in the constellation of 
Hercules which was pointed out by Sir William Herschel. 

776. Central Sun. Does the sun move in a straight, 
Une or in an orbit f All celestial analogies indicate the 
latter, and Madler of Dorpat Observatory, believes, from 
numerous observations which he has made, that he has 



WlMt inference did Sir Wm. Heiicbel make fton the proper motion of the star* 1 If 
the solar system is really advanclnf throndh space what stellar phenomena will oeeurt 
and why ? Do these phenomena occur t To what point did Herschel helieve the solar 
system was approachinf t Hare his Tiews been established 1 State the nsolu of modem 
leseerehesl How last does the jiefor system move according to Struve 1 
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discovered the great central sun, around which not 
only our solar system but the stars themselves revolve. 
Ala/one in the group of the Pleiades is supposed to be 
this central sun. Its distance from us is so great that it 
would require 537 years for a ray of light to pass from 
this orb to the earth, and if our sun revolves about it, 
his periodic time must be no less than eighteen millions 
of years. 

777. Without denying the possibility of this problem 
being eventually solved, astronomers at present consider 
the observations of Madler to be insufficient to warrant 
his conclusions. 

778. Binary Stars. The double stars are divided 
into two classes. Firsts those which are optically dmJble^^ 
the two individuals appearing under ordinary circumstan- 
ces as one object, simply, because they happen to be so 
near to one another that we view them in almost exactly 
the same line of direction. No bond of union exists 
between them ; for one may be millions of millions of 
miks behind the other, and altogether beyond the reach 
of its influence. Secondly, double stars, which by their 
mutual attraction form distinct sidereal systems ; the com- 
ponent stars revolving about each other in regular orbits. 
These, in order to distinguish them from double stars va, 
genera], are termed binary stars*. 

779. In 1803, Sir William Herschel, first announced 
the fact of the existence of binary stars ; a discovery 
which was the fruit of 26 years assiduous and dose ob- 
servation. At the present time more than 100 binary 
stars have been discovered, and the list is continually 
increasing. 

780. Orbits— Periodic Times. The orbits of 15 



1. Thus, in looking oyer a city, we not unfrequently see two steeples one 
behind the other, so nearly in the same line of direction that they appear as 
one object At the first glance the figure formed by their ankai may seem 
tingle ; a oloaer inspection shows that it is optically double, 

2. Binary^ from the Latin binuty meaning two and two by eouphe. 

What are the riewt of MSdier reipectinf a central turn t What orb does he snppoee it 
to be and wber* situated ? How far ii thii orb from the earth 1 How loof would the son 
be in revoUinf around it 1 What views are entertained by astrooomen res{wctinf Miidler*s 
theory 1 Into how many classes are double stars divided 1 Describe these classes 1 



fVken and bv toA«m was the existence of binarf stars first announced 1 Of how soany 
years research - • •• ..«..-.. 

known 1 



was this discovery the fruit ? I^w many binary stars are at jir^aeot 
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binary stars have been ascertained, and their periodic 
time^ with more or less certainty determined. Like the 
planets of our system they revolve in eUtptical paths, and 
the correspondence that exists between their calculated, 
and observed positions in various points of their orbits, 

§ roves that the laws of gravitation extends to these far 
istant bodies.' 

Their known periodic times range from 31 to 736 
years. The names of a few of the binary stars, with 
their respective times of revolution are given in the fol- 
lowing table, 

NAME or STAR. PBEIOSIC TllIK^ 

Zeta, in the Constellation of the Hercules, (^ Herculis,) .^6 years. 
Alpha, ** " of the Centaur, (a Centauri,) 77 " 

Gamma, " « of the Virgin, (yVirginis,) 182 " 

Castor, " " of the Twins, (« Geminorum,) 253 " 

Sigma, " ." of the Crown, (a Coronaa,) 736 " 

781. In contemplating the systems of binary stars, "we 
are not concerned," says Sir tfohn Herschel, "with the 
revolutions of bodies of a planetary or cometary nature 
round a solar center ; but with that of sun around sun — 
each perhaps accompanied with its train of planets and 
their satellites, closely shrouded from our view by the 
splendor of their respective suns." 



CHAPTER IIL 

STARRY CLUSTERS-NEBUL^-NEBFLOUS STARS-ZODIACAL LIGHT-MA- 
GELLAN CLOUDS-STRUCTURE OP THE HEAVENa 

782. Starry Clusters. When we turn our. gaze 
upon the heavens in a serene night, we perceive that in 
some parts the stars are more crowded together than in 
others, forming by their close proximity groups or clus- 

1. The calculationt are made upon the supposition that these bodies 
revolve about each other in obedienoe to the laws of universal gravitation. 

or how m«nv have th« oriitt mti&ptrioiu timea been atoertained with more or len ae- 
euracy 1 In what kind of orbits do they revolve t What fact shows that the^ are con- 
trolled in their motion by the laws of untverjtal gravitation 7 What is said or the extent 
of their periodic times 1 Give the list 1 What does Sir John Herschel say respeetinc the 
systems of binary stars 1 Of what does Chapter III. treat 1 
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ters. Such a cirister is the PJeiadeSy in which six or 
seven stars are seen by the naked eye, but where the 
telescope reveals Ji/ly or sixty comprised within a very 
small space. The constellation, termed Coma Berenices^ 
Is another stellar cluster consisting of larger stars than 
those which form the group the Pleiades. In the constel- 
lation of the Cfrah is a luminous spotj called the Beehive, 
which a telescope of ordinary power shows to be con- 
stituted entirely of stars. In the sword-fiandle of Perseus 
is a similar spot, which, with a finer instrument, is re- 
vealed as iux) clusters of stars crowded thickly together. 

783. " Many of the stellar clusters are of an exactly 
round shape,^^ savs Sir John Herschel, " and convey the 
complete idea or a globular space filled full of stars insu- 
lated in the heavens, and constituting in itself a family 
or society apart from the rest and subject to its own in- 
ternal laws. 

The central portion of a cluster is usually most thickly 
sown with stars, and the stellar light there shines 
forth with the greatest brilliancy. A beautiful cluster 
of this kind is found in the constellation of Hercules. 
It is represented in Fig. 86. 

784. Number of Stabs in a Cluster. The stars 
that compose a globular cluster are often exceedingly 
numerous. It has been estimated that not less thanjivc 
thousand stars exist in some of the groups, wedged together 
into a space in the heavens, the area of which does not 
exceed one-tenth part of that covered by the moon. 

785. Milky Way, or Galaxy.* The most mag- 
nificent stellar cluster, by far, is the milky way, which 
like a broad zone of light encompasses the heavens. 
Its brightness is derived from the diffused radiance of 
myriads of myriads of stars that compose it, whose 
splendors are blended together into a milky whiteness on 
account of their immense distance from us. 

786. In this cluster, Sir William Herschel estimated 



1. From the Greek word gala, signHyiDg milk. 

Describe some of the steHar clusters 1 What does Sir John Heisehel m.t in regard to 
stellar clusters ? What is the usual appearance presented by the central portion <^ a ' 
clutter t What is said respectin|[ the number of stars they contain 1 Which is the most 
splendid stellar cluster Uiat the heavens, present 1 What it its aspect, and whence is ill 
lijght derived 1 
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that, during one hour's observation with his telescope, no 
less than 60,000 stars passed before his sight within a 
zone 2** in breadth. Sir John Herschel has computed 
that the number of stars in the mtUcy way, sufficiently 
visible to be counted, when viewed with his 20 feet tele- 
scope, amount in both hemispheres to ^t;e and a Jialf mil- 
iums. The actual number in this cluster he considers to 
be much greater, since in some parts they are so crowded 
together as to defy enumeration. Our sun is supposed 
to be one of the stars belonging to this group. 

NEBTJLiE. 

787. Scattered throughout the sky are seen, either by 
the naked eye or by the aid of the telescope, dim misty 
objects of various shapes and sizes, stationary to all ap- 
pearance like the stars themselves. These objects are 
named njebulce}^ and are arranged under the following 

1. For the meaning of this word, see page 13 note 3. 

What obcervations and computations have been made which show that it contains a vast 
number of stan t What is supposed of our sun 1 What are nebulss ? How classified 1 
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classes ; viz., Elliptical, Annular, Planetary, 
Double, Spiral, and Irregular Nebula. 

788. Elliptical Nebulje. One of the finest speci- 
mens of this class is situated in the girdle of Andromeda, 
It is visible to the naked eye, and was noticed and de- 
scribed by Simon Marius in 1612 ; and there is reason 
for believing that it was seen even as early as 995. 
This nebulae is of va^t size extending over an area 16^ in 
diameter. It is delineated in Fig. 87. 

FIG. 87 




NEBULA OF AMDEOMBDA. 



789. Annular Nebula. A remarkable annular 
nebula easily detected with a telcscopeof ordinary power 
is found in the constellation of the Lyre, It has the ap- 
pearance of a Jlai oval ring^ the central space not being 
quite dark " but appearing," says Herschel, " to be filled 
with faint nebulae, like a gauze stretched over a hoop.^^ Ne- 
bulae of this class are very rare. Nine comprise the 
entire number. 

790. Planetary Nebulje. Planetary nebtdoe are so 
called from their similarity in form to planets, being either 
round or somewhat oval. Only about 25 of this <jlass 

Give examples of eUiptical and annular nebula ? How many of the latter kind aie 
DOW known 1 
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have yet been discovered, and nearly ^ree quarters of 
this number are in the southern hemisphere. 

One of the most beautiful is situated in the constella- 
tion of the Cross. It is a well defined circular figure, 
12^^ in diameter, looking exactly like a planet It 
has the brightness of a star of between the sixth and 
seventh magnitude, and shines with a rich blue light in- 
clining to green. A magnificent planetary nebula is 
found in the constellation of the Oreat Bear, Its appa- 
rent diameter is2^4:CK', and upon tbe*supposition that it 
is at the same distance from the earth as the double star, 
61 in the Swan, the actual diameter of this nebula is 
seven times ^r^ofer than the dtameier of Neptune's orbit ; 
or more than thirty-five thousand millions ofmHes. 

791, Double Nebula. A few only of these objects 
have been detected. The individ^jLls that form them 
belong to the class oi planetary nebuloe. All the varieties 
of doubk 5tor5," says Herschel, " in respect to distance, 
position, and relative brightness have their counterparts in 
doMe nebulcej^ 

792. Spiral Nebuljb. The discovery of a number 
of nebulae presenting the appearance of spirals or whirl- 
pools, has lately rewarded the researches of astrono- 
mers. They are a singular class of stellar objects alto- 
gether different from any before known, requiring the 
very finest telescopes to reveal their structure. For 
though the telescopes of the Herschels and other able 
astronomers had been sweeping over them for the 
space of nearly a hundred years, their true nature was 
only disclosed beneath the powerful telescopes of Lord 



793. Irregular Nebuljs. Irregular nebvlce, as 
their name implies, are entirely destitute of any regu- 
larity in form. They are of very great extent and are 
found either within the mUky way or skirting its edges. 

1. The Sari of Rosse has eonstnicted a reflAng telescope, the mirror 
of which is six feet in diameter and weighs three tout. Tlie tube of the 
telescope \»fifty-»ix feet in length. This instrumen^is the greatest, and 
the most powerful of any that fias ever been oonstracted. 

Gir« inttances ofplanetarf nebulm f What is raid rwpaetiiif d0ubU nebuls ami spiral 
nebula t What are irregular nebula 1 

27 
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814 STARRY HEAVENS. 

The most splendid of this class is the nebula in the 
sword-handle of Orion, It consists of straggling cloudltke 
spots, occupying a space ih the heavens considerably lar- 
ger than the disk of the moon. This nebula was discov- 
ered by Huyghens in 1656. In Fig. 88, its central por- 
no. 88. 




NEBULA OF ORION. 



tions are shown as they have been delineated by Sir John 
Herschel. 

794. Their Constitution. Stellar clusters and nebufxB 
have usually been «pgarded as distinct classes of celestial 
objects; the former consisting of groups of stars, either 
visible to the ilkked eye or through tne telescope, and 
the latter of vast collections of unformed matter diffused 



Which is one of the most splendidi What views have been entertained- resi-ectinj 
stellar clusters and nebulie ? 
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through the infinitude of space. But it is by no means 
certain that such a distinction exists in nature, for the 
late discoveries of eminent astronomers point to the con- 
clusion, that the nebulae are clusters of stars more or less dis- 
tant from us. ITie nearest and least crowded requiring 
but ordinary telescopes to resolve them into stars ; while 
those which Bxe farther off, and m^re thickly studded with 
Rtars, can be resolved only by instruments of greater 
excellence and power. 

795. Sir William Herschel divided nebulce into tux) 
great elates ; viz., those which could be separated into 
stars by the telescope, and those that could not; the for- 
mer were termed resolvable nebulae, and the latter irre- 
solvable, 

796. But since the time of this renowned astronomer 
the telescope has been wonderfully improved, and dis- 
coveries made corresponding with its higher degree of 
perfection. Nebulae, which had before been regarded as 
irresohable^ have successively yielded to the increased 
power of the telescope, and been revealed as splendid 
du&terB of stars, 

797. For a long time the nebula in Orion withstood 
the inghe^t powers of the telescope to resolve it, but 
when, during the winter of 1845, it was examined by- 
Lord EyosaCj in his immense telescope, it was seen bril- 
liant with vast collections of stars, proving that it was 
really a st&lhr cluster. 

'The great nebula in AnHromeda, when viewed 
through the noble instrument belonging to Harvard 
University, appears to be studded over with multitudes of 
star^^ which form however no portion of the nebula. 
This object at present is regarded as unresolved. 

798. But while the augmented power of the telescope 
has resolved numerous known nebuke into starry groups^ 
increasing the number of the one at the expense of the 
other ; it has also brought to light from the depths of 
space many nebulae which were before invisible; for even 
in the powerful instrument of Lord Eosse misty objects 

To what conclasfon do the late discoveries of astronomers point t Into what two great 
classes did Sir William Herschel divide the nebulaj ? What advances in this field of re- 
search have been made since his time? What has the nebula of Orion proved to bel 
Has that of Andromeda been resolved T 
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before unseen, are revealed as ne&wte, without any signs 
of resolvabiiity. What are these new objects r Are 
they mere collections of matter, or clusters of stars ? 

799. Upon this point Sir John Herschei thus re- 
marks, " it may reasonably be doubted whether the dis- 
tinction between such nebulae as are easily resolved, 
barely resolvable with excellent telescopes, ^nd: altogether 
irresolvable with the best, is any thing else than one of 
degree ; arising merely from the excessive minuteness^ and 
multitude of the stars of which the latter, as compared 
with the forme)', consist." 

800. Number and distance op Stellar Clusters 
AND Nebuljs. About two thousand stellar clusters and 
nebuloe were observed by Sir William Herschei. In 
1833 the list amounted to tux> thousand five hundred, 

. and this number was increased to about four thousand 
by the -splendid discoveries made by Sir John Herschei, 
during his residence at the Cape of Good Hope. The 
distance of the nehuloe from the earth is vast beyond 
conception. The ring nebvla in the Lyre is so remote, 
that astronomers assert a ray of light cannot reach us 
from this object in less than twenty or thirty thousand 
years. 

The nebula of Orion is still more distant, for it is 
computed that a ray of light, moving as it does with a 
velocity of 192000 miles a second, would occupy not to 
less than sixty thousand years in travelling from this nebula 
the earth. 

801. Their Physical Structure. Mathematicians 
have clearly shown it to be utterly impossible that the 
stars composing individual clusters and nebulsB could 
have been so grouped together by mere chanced Their 
union must consequently be the result of some physical 

1. Mitchell has shown that if 1500 stars, like the sijf brightest in the 
Pleiades, were scattered at random throngh the heavens, tli^re would be 
only one chance out of^ve hundred thtnuand that any six of them would 
come as dose together as they do in the Pleiades. 

What other .dbcovery betidet the teparation of many nebuln into «tarry elinten, has re- 
■uHed from the increased power of the telescope t Are these telescopic oebul» also stellar 
f roups 1 State Sir John Herschers opinion 1 Relate in full what is said respecting the 
number and distance of stellar clusters and nehyla 7 State what is said of our distance 
from the nebula of Orion 1 What is remarked in regard to the physical structure of stellar 
clusters and nebulc 1 
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law impressed upon them by their Creator, in virtue of 
which they are combined in harmonious systems. This 
view is strengthened, when we perceive that these clusters 
tend to assume in numerous instances distinct forms ; 
many of them appearing round like a planet,' with 
their outlines sharply defined ; the component stars to- 
ward the center being often closer to^e^A^ than at the herders, 

802. We have therefore reason for believing that a 
steliar cluster is a celestial system composed of solar systems^ 
each individual star being a 5wn, having its attendant 
train of planets and comets like our own. Every siin 
being separated from its brother suns by enormous inter- 
vals of space, although, owing to the vast distance at 
which we view them, they appear to us crowded and 
wedged together. 

803. Under the action of universal gravitation matter 
assumes a spherical shape and is the densest at the center* 
The globular form of some of the stellar clusters, and 
the closer union of the stars toward the central parts, 
point to this influence as that which unites and controls 
these starry systems^ or island universes^ as they have 
been aptly termed. 

804. Nebulous Stars. In various parts of the 
heavens bright and sharply defined stars are beheld en- 
veloped in a cloudhke disk or atmosphere^ — ^theseare called 

FIG. 89. 




A NEBULOVS STAR. 



Muit their unioa be the result of some physical law 1 What facts streogtben this 
view 1 What hare we reason for believing 1 What is the influence which probably 
nnites and controls these starry systems ? What are nebulous stars 7 

21* 
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ndndous stars. * In some cases this hazy envelope is cir- 
cular in form, with the star situated in the center, in 
others it is elliptical; and there are instances where the 
nebulous atmosphere has no definite boundary, but 
fades away by degrees in every direction. The ap- 
pearance presented by a nebulous star is shown in 
Figure 89. 

805. Zodiacal Light. The zodiacal light is a luniin- 
ous object shaped Wee a pyramid^ that accompanies the 
sun in his apparent course through the heavens. 

806. Aspects. According to Prof. Olmsted, who has 
made this phenomenon an especial study, the zodiacal 
lidht, in our climate, becomes visible in tne eastern sky 
about the beginning of October, It is then Seen before 
the dawn, its base resting upon that part of the horizon 
where the sun at this time rises, the luminous pyr^nid ex- 
tending, obliquely upward, until its point reaches above 
the starry cluster of the Beehive, in the constellation of 
Cancer. Throughout the month of December it is beheld 
on both sides of the sun, being seen in the morning before 
sunrise^ and in the evening after sunsd, extending in the 
first case sometimes as far as 50° westward from the sun, 
and in the second 70** eastward. In February and 
March the zodiacal light appears only in the vjest after 
sunset; it is then most conspicuous, and its luminous 
point is seen as far up as the Pleiades. 

807. Size. This object possesses no well defined out- 
line, but its light gradually fades away from the central 
to the outer portion, until it becomes too faint to be dis- 
cerned. Its breadth at the base varies from 8° to 30® ac- 
cording to Herschel, but Prof. Olmsted has noticed it 
when it was 40° in width. 

From the observations of the latter gentleman it ap- 
pears, that the zodiacal light sometimes extends in lengUi 
considerably beyond the orbit of the earth; for on 
the 18th of December, 1837, it was beheld stretching 
away eastward from the sun to the distance of 120**. 

807. Nature. Sir John Herschel conjectures that 
the zodiacal light is an elongated oval shaped envelope, en- 
state their various aspeeU 1 What it the tadiaeal light f What are iU aspect! ia oor 
climate 7 What is stated respecting the sise of the zodiacal Hf ht 1 
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closing tlie sun, consisting of extremely light matter, and 
possibly composed to a great extent of the same materi- 
als which form the toife of comets. Under this view, 
the sun surrounded by the zodiacal light presents a phe- 
nomenon similar to that of the nebubus stars. 

809. Professor Olmsted, whose opinions on this sub- 
ject are entitled to great weight, believes that the zodia- 
cal light is a nebuhus body which revolves about the 
sun, and is probably the cause of the splendid meteoric 
showers that occur from time to time. 

810. Magellan Clouds. This name has been given 
to two vast luminous objects, clearly visible to the naked 
eye in the southern hemisphere, and similar in appear- 
ance to the Milky Way. They diifer in size, the smallest 
being the brightest, but both of them possess an oval 
form, 

811. These chudUke tracts, when examined through 
telescopes of great power, are found to be composed of 
separate stars, stellar groups and nebuloe. Among the 
stellar groups are ^foftufair clusters with their component 
stars more or less crowded together, while the nebulce 
exhibit in profusion every variety found in other parts 
of the heavens, and in addition some which are peculiar 
to this region, 

812. Within the larger of the MagdUm clouds no 
less than 278 dusters and nebuloe have been discovered, 
while on the outskirts from 50 to 60 more are seen. 
The «7naifer contains 37 of these objects and 6 others are 
found upon its borders. 

813. Structure of the heavens. Different sys- 
iems have from age to age been presented to the world, 
professing to explain the structure of the heavens. The 
three which especially deserve notice are the Ptolemaic, 
the Tychonic, and the Copemican. 

814. Ptolemaic. According to this system the 
earth is unmoveMy fixed in the center of the universe, 
while all the heavenly bodies revolve about it from 
east to toest It was established by Ptolemy, an Eg^pt- 

What are the Tiewi of Sir John Heisehel in refrard to it* nature ? What are tbooe of 
PmfeMor Olmsted 1 Describe the BfafeHan clouds 1 Give an account of the principal 
4iflhrdnt sytteiM which hate profbssed to explain the Structure of the Ueavent ? 
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ian astronomer in the second century of the Christian 
era, andprevailed for more than 1600 years. 

815. Tychonic. This system originated with f ycho 
Brahe, who flourished in the sixteenth century. Like 
Ptolemy he believed that the earth was stationary in the 
center of the universe, and that the stars, and the sun and 
moon, revolved around it ; but he conceived that the 
planets revolved directly about the sun. 

816. CoPERNiCAN. So called from Nicholas Coper- 
nicus, an illustrious astronomer of the fifteenth century. 
According to the Copemican system, the earth rotofes on 
her axis from west to east^ and revolves with the rest of the 
planets around this sun, in the same direction. This 
system is the true one, for it is not only mathematically 
aemonstrated to be correct^ but it perfectly explains all 
celestial phenomena^ which every other system feils to do. 

817. The structure of the /leavens was briefly explidned 
in the beginning of this work, (Arts. 4, 5,) in accordance 
with the Copemican system, and as we have advanced 
in our investigations, it has been gradually imfolding in 
part to our view. 

Commencing with the earth, we have found that it 
both rotates on its aocis and revolves about the sun^ while 
around it circles a shining moon. It has been fUrther 
shown that the earth is not isolated^ but is one of a 
brotherhood of planets, endowed with the same motions^ 
and in several cases similarly attended. All these with 
myriads of comets constitute the solar system. 

818. Exploring further, we behold in the binary stars, 
suns revolving about each other with their respective trains 
of planets and comets, exhibiting the phenomenon of 

SOLAR SYSTEMS IN MOTION. 

Piercing deeper into abysses of space steUar elustprs 
and nebiJce stand forth revealed, objects of sur- 
passing grandeur and magnificence. For. here suns 
crowd upon suns, formine a vast and numerous group of 
SOLAR SYSTEMS — United to all appearance by a common 
bond. Possibly these associated svstems revolve about 
some mighty sun centrally situatea within the radiant 

Wbieh is Um tro* frtten, and why t Ezplaio tlM fitriMltuv of the JSTcmmu ia Mcovd- 
Mea witk Um CofMroieui syrtemt 
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group ; for if our solar system^ together with the stars that 
glitter in our firmament, is really revolving around 
some central sun, analogy would lead us to infer, that 
similar motions also exist amid these starry clusters and 
nebulae. 

819. When the scroll of the skies is still farther un- 
rolled for our perusal, we may perhaps find that these 
island universes themselves move in orbits around some 
common center. 

For with all our surprising discoveries we are yet 
upon the very Areshhold of creation ; and could we con- 
tinue to explore beyond the remotest nebulae, through 
the successive realms of space, new scenes of grandeur 
would perpetually unfold ; and new fields of Omniscient 
display would lie constantly revealing, that God was 
stiu before \}g in his creative energy, and that we saw 

but the " HIDINGS OF HIS POWER.^ 
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DESCRIPTION OF THE SERIES. 

I.— Practical Lessons in EngUsIi Grammar. 

This little book contains a brief synopsis of the leading prin- 
ciples of English Gh*ammar, every part of which is illustrated by 
a great variety of exercises, of the simplest character, adapted to 
the capacity of pnpils at an early age. New edition, revised and 
improved, 

n.— The Principles of English Grammar. 

This work is intended as a School Grammar, for the nse of 
classes pursuing this branch of study in the common schools, or, 
of the junior classes in academies. It embraces all that is important 
on the subject, expressed with accuracy, brevity and simplicity, 
and is peculiarly adapted to the purposes of instruction in pubHo 
schools. 

ni.— Introduction to the Analytical and Practical Grammar. 

This edition has been prepared expressly to serve as an intro- 
duction to the " Analytical and Practical Grammar of the English 
Language." The definitions and rules are the same throughout as 
in that work, and are arranged in the same order. 

IV.— The Analytical and Practical English Grammar. 

This work, designed for the more advanced classes in schools 
and academies, is prepared on a more extended plan than the pre- 
ceding, though not essentially different from it. The arrangement 
(except in syntax), the definitions and rules, are the same, but with 
much greater fulness in the illustrations and ex^^cises, intended to 
lead the student into a thorough and critical acquaintance with the 
structure and use of the English laoguage. 

v.— Exercises in Analysis and Parsing. 

This little work consists of selections in prose and poetry from 
standard writers, so arranged as to furnish a convenient and pro- 
gressive course of exercises in Analysis and Parsing, in every 
variety of style, with such occasional references to the grammars 
as are deemed necessary to explain peculiar or diflBcult construc- 
tions. To this is prefixed directions for the analysis of sentences, 
and models both of analysis and parsing. 

VI.— The Principles of Latin Grammar. 

This work is upon the foundation of Adams^ Latin Grammar, 
so long and favorably known as a text-book, and combines with all 
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that is excellent in that work many important corrections and im- 
provements, suggested by subsequent writers, or the result of the 
author's own reflection and observation^ during many years, as a 
classical teacher. 

Vn.— Jacob's Latin Reader, with Latin Idioms. 

This work forms a sequel to the Grammar, and an introduction 
to the study of Latin classic authors. It begins with a series of 
simple and plain sentences, mostly selected from classic writers, to 
exemplify and illustrate the leading construction of the language, 
followed by Reading Lessons, of pure and simple Latin, chiefly 
narrative, by which the pupil, while he becomes familiar with the 
construction of the language, is also made acquainted with many 
of the most prominent characters and mythological fables of an- 
tiquity, as well as with the leading events of Roman history. 
Throughout the work, references are constantly made, at the foot 
of the page, to the Grammar and Introduction, when necessary to 
explain the construction, or assist the pupil in his preparations. 

Vni.— First Lessons in Greek. 

This work is intended chiefly for those who begin the study of 
Greek at an early age ; and for this reason contains only the out- 
lines of Grammar, expressed in as clear and simple a manner as 
possible. It is complete in itself, being a Grammar, Exercises, 
Reading Book, and Lexicon, all in one ; so that the pupil, while 
studying this, needs no other book on the subject. The knowledge 
acquired by the study of this work will be an important prepara- 
tion to the young student for commencing the study of Greek 
Grammar with ease and advantage. 

IX.~The Principles of Greek Grammar. 

This work is intended to be a comprehensive manual of Greek 
Grammar, adapted to the use of the younger, as well as of the 
more advanced students in schools and colleges. Both in Ety- 
mology and Syntax, the leading principles of Greek Grammar are 
exhibited in definitions and rules, as few and as brief as possible, 
in order to be easily committed to memory, and so comprehensive 
as to be of general and easy application. This work is now more 
extensively used than any other of the kind in the country. 

X.—Greek Reader, with Greek Idioms. 

This work, like the Latin Reader, is properly a sequel to the 
Greek Grammar, and an introduction to the study of the Greek 
classic authors. Ifr seeks to accomplish its object in the same way 
as the Latin Reader. (See above, Ko. VII.) With these are con- 
nected 
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SPENCER'S LATIN LESSONS, with exercises in parsing, intro- 
ductory to Bullions' Latin Grammar. 

In this series of books, the three Grammars, English, Latin, 
and Greek, are all on the same plan. The general arrangement, 
definitions, rules, &c., are the same, and expressed in the same 
language, as nearly as the nature of the case would admit. To 
those who study Latin and Greek, much time and labor, it is be- 
lieved, will be saved by this method, both to teacher and pupil. 
Ttie analogy and peculiarities of the diflferent languages being kept 
in view, wUl show what is common to all, or peculiar to each; the 
confusion and difficulty unnecessarily occasioned by the use of 
element iry works differing widely from each other in language and 
structure, will be avoided, and the progress of the student rendered 
much more rapid, easy, and satisfactory. 

No series of Grammars, having this object in view, has here- 
tofore been prepared, and the advantages which they offer cannot 
be obtained in an equal degree by the study of any other Grammars 
now in use. They form a complete course of elementary books, in 
which the snbstaaoe of the latest and best Grammars in each lan- 
guage has been compressed into a volume of convenient size, 
beautiful Ij printed on superior paper, neatly and strongly bound, 
and are put at the lowest prices at which they can be afforded. 

The elementary worfe intended to follow the Grammars — 
namely, the Latin Reader and the Greek Reader— are also on the 
SAME PLAN ; are prepared with special references to these works, 
and contain a course of elementary instruction so unique and 
simple, as to furnish great &cilities to the student in these lan- 
guages. 

XL— G8B8ar*8 Gommentaries on the Gallic War. 

In this work the plan of the Latin Reader is carried on through- 
out. The same introduction on the Latin idioms is prefixed for 
convenience of reference, and the same mode of reference to the 
Grammar and introduction is continued. The Notes are neither 
too meagre nor too voluminou3. They are intended not to do jthe 
work of the student for him, but to direct and assist him in doing 
it for himself. It is embellished with a beautiful Map of Gaul and 
several wood-cuts, representing the engines of war used by the 
Romans. 

Xn.— Cicero's Select (^tions. 

With Notes critical and explanatory; adapted to Bullions' 
Latin Grammar, and also to the Grammar of Andrews and Stod- 
dard. This selection contains the four orations against Oatiline, 
the oration for the poet Archias. for Marcellus, for Q. Ligarius, for 
king Diotarus, for the Manilian law, and for Milo. The Notes are 
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more extended than those in Caesar's Commentaries, especially in 
historical and archseological notices, necessary to explain the allu- 
sions to persons and events in which the orations abound ; a know- 
ledge of which is indispensable to a proper understanding of the 
subject, and to enable the student to keep in view the train of ar- 
gument pursued. In other respects, the proper medium between 
too much and too little assistance has been studied, and constant 
reference made to the Grammar, fo^ the explanation of common or 
difficult constructions. 

XIIL—- Sallust's Catiline and Jng^ha. 

On the same plan. The text of this edition of Sallust is that , 
of 0. G. Zumpt, as given in " Chambers' Educational Course." 
This series will be continued. ^ 

XIV.— Latin Exercises. 

Adapted to Bullions' Latin Gramn^ar. 

The publishers ref.r with great satisfaction to the distinguished 
names of some of the best instructors and educators of the present 
age, whose names are appended, who have long used some or all of 
Dr. Bullions' books, and who have recommended them either in 
whole or in part. 



NOTICES. 
" Bullions' books, by their superior arrangement and accuracy, 
their completeness as a series, and the references from one to the 
other, supply a want more perfectly than any other books have 
done. They bear the marks of the instructor as well as the 
scholar. It requires more than learning to make a good school- 



book." 



Dr. Nott, LL.D.,lsr. Y. 
Rev. Dr. Potter, LL. D, Pa. 
Dr. Beck, LL. D, N. Y. ' 
Dr. Proudfit, LL. D, N. Y. 
Joseph Nickerson, N. H. 
R. M. Brown, N. Y. 
W. E. Pierce, Ohio. 
H. E Whipple, Mich. 

A. McDougall, N. Y. 
M. P. Covert, K Y. 
J. F. Cady, R. L 

M. G. McKbon, N. Y. 
J. W. Allen, N. Y. 

B. Wilcox, N. Yr 
Salem Town, LL. D. 

W. W. Benjamin, N. H - 



Professor C. S. Pbnnel, 
Antioch College^ Ohio, 
A H. Lackey, Pa. 
Prof R. M. Moore, III 
J. R Lattimer, N. H. 
B. P. Aydelott, Ohio. 
W. G. Finney, Ohio. 
S. McCormick, Ohio. 
Benjamin Smith, N". Y. 
M. Clanchy, Pa. 
D G. Frazer, K. Y. 
W. S. Boyart, Florida. 
R. McMurray, Ohio. 
Rev. Z. S. Barstow, N. H. 
M. Carpenter, N. H. 
Thomas Leonard, Tenn. 
John Kelley, Pa. 
A Hohiies, N. Y. 
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Jas. E. Lattimer, N. II. E. J. Avery, Mass. 

John Trembly, Ohio. Prof. H. Wheeler, Ind. 

F. Crafts, Mass Prof. J Towler, N. Y. 

C. Walker, Mass. W. L. Nicholas, Ohio. 

A. Smyth, Ohio. Rev. George Loomis, Del 

W. B. Bunnell, N. Y. J. Reid, R. L 

R D. Van Kleck, R. L W. K Todd, K a 

Jas. J. Helm, N. J. R W. Finley, Mo. 

Jos. J. Fravelli, Pa. Robert Thomson, K Y. 

R H. Bishop, Ohio. David Parsons, Ohio. 

B.C. Ward, Pa. Isaac Booth, Pa. 

O. H. Drummond, Ohio. J. A. Goodwin, K Y. 

Rev. J. McCaiiley, Va. 0. L. Leonard, Ky. 

Wm. M. Russell, Mass. R C. Boyle, Ohio. 

D. Harris, N. J. M. H. Patten, Mo. 
J. P. W. Jenks, Mass. A. C. Roe, Conn. 
A. Mong, Pa. Lewis Bradley, l*a. 
Joel Whitney, N. Y. Charles A Lord, Mo. 
Lewis Vail, ra. Rev. A. A. Livermore, N. H. 

E. L Hazeltine, D. D., a C, Pliny Fisk, N. Y. 

R D. McMaster, Ohio. Lyman Harding, Ohio. 

L. Strong, N. Y. Wm. Jones, Oregon. 
And others from all parts-of the Union. 



From the Southern Repertory and College Beview, for 
December^ 1852. 

" Bullions' Series of Grammars and Elementary Classics, through the 
kindness of the publishers, have been placed upon our table. AltJbough 
we have been familiar with some of Bullions' books for years, we have 
not had until now the opportunity of examining the entire series of 
graomiars. This examination we have made with much pleasure, which 
increased as we progressed. We think ^hat these books ought to be in- 
troduced into our primary schools, academies, and colleges forthwith, 
even to the exclusion of others, which were good ' in Qieir day,* but 
which have got behind the times. Every teacher has experienced the 
inconvenience, and every student has felt the embarrassment, arising 
from a change of text-books from one author to another, on the same 
subject True, principles may be ever the same ; but each author has 
his own mode of expression and illustration — each has his plan. 

" In the series one uniform plan is pursued through the grammars 
of the English, Latin, and Greek languages. The young beginner who 
masters the Practical Lessons in English Grammar, is not only prepared 
for the Analytical and Practical Grammar, and the still higher Exercises 
in Analysis and Parsing, but can take hold of the Latin and Greek 
Grammars, with a good knowledge beforehand of the plan to be pur- 
sued. We are for Bullions* books, as well as for some others, which we 
hope hereafter to notice, issued from the press of those excellent book- 
makers, Farmer, Brace & Co., late Pratt, Woodford & Co.*' 
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I use Bullions' works — ^all of them — ^and consider them the best 
of the kind that have been issued in this or any other language. 
If they were unvMrsally used we would not have so many super- 
ficial scholars, and the study of the classics would be more likely 
to serve the end for which it was designed — ^the strengthening and 
adorning of the mind. J. B. Thompson, A. M., 

laU Bectot of the Somerville Classical Institute^ K. J. 

Within the last few mcmths, Dr. Bullions' English Grammar 
has been introduced into the Public and many of the Private 
Schools, the Latin School, the English High Siohool, the City l^or- 
mal School, of the city of Boston ; Normal Schools of Bridgewater 
and Westfield ; Marlborough Academy ; cities of Salem, Newbury- 
port, &c., Mass.; Portsmouth, and several academies in New 
Hampshire; and re-adopted in Albany and Troy, New York. 
They are used in over seventy academies in New York, and in 
many of the most flourishing institutions in every State of the 
Union. 



Cooper's Virgil, with Englisli Hotes.— (^ oa) 
Having examined the Bev. J. G. Oooper's edition of the works 
of Virgil, I have no hesitation of giving my opinion, that the plan 
which he has pursued is excellent, and the execution highly credit- 
able to his talents and scholarship. Such a work will greatly 
facilitate the study of the poet, on the part of the youthftil learner. 
It will ^ve him a correct idea of the meaning of l3ie author in the 
more difficult passages, and by its copious notes upon ancient his- 
tory and mythology, will enable him to relish beauties that are 
now rarely perceived in the early course of classical instruction. I 
have no doubtbut that its appearance will be welcomed by the in- 
telligent and discemiug, as a publication admirably adapted to en- 
list the feelings and stimulate the application of youth, in the 
elementary schools of our country. 

Gbobob P. Chapman, D. D., 
formerly of Pennsylvania University. 

SimOar opinions have been expressed by the following literary 
and scientific gentlemen : 

James Ross, LL. D., John T. Kirkland, D. D., 

James Rcnwick, LL. D., Henry Ware, D. D., 

W. C. Wyatt, D. D., John a J. Gardner, D. D., 

William Harris, D. D., Wm. Rafferty, D. D., 

John Bowden, D. D., Edward Sparks, M. D., 

James Kemp, D. D., E. D. Barry, D. D., 

Gideon Blackburn, D. D., Prol J. S. Kingsley, Yale CoL 
And many others. 
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10 ^Tof. Peissner^s English- German Grammar. 

A Comparative English-German Grammar.— (Ii oo.) 
Based an the affinity of the two languages^ by Prof. Euas FiossneB) 
late of the University of Munich, now of Union CoUege, 
8ehenectad/y. 

From the New York Churchman, 

Of all the Oerman Grammars we have ever examined, this is 
the most modest and unpretending — and yet it contains a system 
and a principle which is the life of it, as dear, as practical, as effec- 
tiye for learning Grammar as any thing we have ever seen put 
ft^rth, with so much more pretence of originality and show of phi- 
losophy. In travelling from England to Grermany, a man might 
commence his journey in England: he must first pass through 
those parts which lie most contiguous to the land to which he is 
going; he should cross the separating line at the point or points 
where the two adjacent countries have most features in common, 
and his first e^mlorations in the new land will be in those quarters 
which remind him most of the scenes and associations from which 
he is departing. This is the pervading principle of the Grammar 
before us, and, truism as it may appear, it contains the secret of 
the easy acquisition of a foreign language, especially one that has 
many lUffinities both in words and idioms to our own. 

The principle on which this book is grounded gives it- a strong 
claim to every teach^ through examination. It will be found, 
too, we think, that the author has not only presented a new idea 
of much interest in itself, but has admirably carried it out in the 
practical lessons and ex^dses of his work. 

From Professor J, Foster^ of Schenectady, 
I have examined Prof. Peissners German Grammar with some 
attention; have marked, with interest the rapid ad7ancement^ 
students here using it as a text-book, and have myself carefally 
tested it in the instruction of a daughter eleven years of age. The 
result is a conviction that it is most admirably adapted to secure 
easy, pleasant and real progress, and that from no other work 
which has come under my notice can so satisfactory a knowledge 
of the language be obtained in a given time. ^ 

From the Albany/ Morning Eaepress, 
This is one of the very best treatises of its kind now extant. 
Those who are acquainted with the science and practice of lan- 
guage will need but a simple statement <^ some of its points, in 
order to appreciate its superior merit. 

From the Schenectady Psflector. 
. It seems to us to meet more successfally than. any other Gram- 
mm*, the case of those who desire an accurate knowledge and prac- 
tice of the German language, through a method at once easy, rapid, 
and scientifio. 



Digitized 



by Google 



Frof, J. B. DodcPs Series, \l 

PROF. J. B. DODD'S MATHEMATICAL SERIES 

GOMPBISES — 

An Zjlementary and Practical Arithmetic, . $0 45 

High School Arithmetic, . 84 

Elements of Algebra, 84 

Higher Algebra, 1 50 

Key to Algebra, 84 

Elements of Oeometry, 1 00 

These Arithmetics are believed to be unrivalled in the follow- 
ing particulars : 

1. The philosophical aceuratenesa with which their topics are 
{oranged so as to show the mutual dependence and relationship of " 
their subjects. 

2. The scientific c<JiTeotness and practical corwenienee of their 
greatly improved nomenclature. 

3. The clear and concise manner in which principles are stated 
and explaiiations are given. 

4. Brevity and completeness of rules. 

5. The distinctness with which the true connection between 
Arithmetic and its cognate branches is developed. 

6. The excellent and thorough intellectual discipline super- 
induced. « . 



REOOMMEITOATIONS. 

From R, T. P. Allen, Superintendent of Kentuchy Military 
Institute, 

"Upon a careful examination of a manuscript Treatise on 
Arithmetic by Prof. Dodd, I find it greatly snperior to all others 
which have come under my notice, in system, completeness and 
nomenclature. The arrangement is natural, the system complete, 
and the nomenclature greatly improved. These improvements are 
not slight; they arefundamental^-eminenilj worthy the attention 
of the Mathematical Teacher, and give a character of unity to the 
work, which at once distinguishes it fh>m all others on this subject. 

*' I believe it admirably adapted to the purposes of instruction : 
in/acty hy far the most convenient and usaH^le hook for teacher and 
pupil i have yet met with; and will, with great pleasure, adopt it 
in the Institute, and recommend its adoption by all." 

From John BrocMeshy, A. M., Prof, of Mathematics and Natural 
Philosophy, in Trinity College, Conai. 
" From a careful examination of the Arithmetio of Prof. Dodd, 
I have been led to entertain a favorable opinion of the work. It is 
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12 Frof, J, B. Dodd's Series. 

philosaphiCal in its arrangement, and exact and clear in its mles 
and explanations. The examples are snoh as to bring the mind of 
the pupil into active exercise. I should select this book to place 
in the hands of a child in preference to others upon the same sub- 
ject which have obtained a wide-spread circulation." 

J^om W, H» Du Puy^ Teaeher in the Bngliah and Normal 
Departments qf the Genesee Wesleyan Seminary, 

"My attention was recently called, by Profc Whitlock, to 
Dodd^s Arithmetic. Upon examining it, I &id it to be superior to 
any other with which I am acquainted ; and I design to introduce 
it, as soon as. I may, into both the English and Normal D^art- 
ments of our Seminary." Lima, N. i. . 

Ooncnrred in by Prof. Whttlook. 

}^r The work is now used there, with great satisfaction. 
May, 1858. 

From the Associate Principal of Mount Pctlatine Academy. 

" I have examined Dodd's Arithmetic, and am fully persuaded 
that it is superior to any other with which I am acquainted. I 
could speak in detail were it necessary ; but all that is required 
to establish its reputation and introduction, is to have it known by 
Teachers:' 0. M. Weight, Inst. 

Firom the Ihculty ofRocJcRvoer Seminary. 
" Upon an examination of Prof Dodd's Arithmetic, we have 
come to the conclusdon that its superior (Mrrangementy the clearness 
of its rules and explanations, and its improved nomenclature, entitle 
it to the careful consideration of the Mathematical Teacher: that 
these improvements distinguish it from all others that have come 
under our notice. We therefore give it our cordial approbation, 
and shall introduce it immediately into our Seminair." 

D. J. PiNOKNET, Prindpaf. 

S. M. Fellows, Prof, of Mathematics. 

Silas Seable, Prof, of Languages. 

" Dodd^s High School Arithmetic is better adapted to supply the 
wants of High Schook and Academies than any other Arithmetic 
which I have ever met. His rules are plain, concise, definitely 
stated, and fully illustrated with examples." 

G. M. Babkeb, 
Baldwin Institute, Ohio. 

"I have Dodd's Higher Arithmetic, and unhesitatingly pro- 
nounce it the best work for advanced classes I have ever seen." 

M. S. LiTTLEFIELD, 

Grand Kapids, Mich. 
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Similar testimonials have been received from the following 
gentlemen whose names are attaohed, in &vor of one or both these 
Arithmetics : 

H. A. Wilson, Jonesville. L. Dickerman, N. H. 

R. & Thurmer, Ind. J. G. Hoyt, do. 

A. P. Chute, Mass AL L. Brown, N. Y. 

Rev. J. A McCanley, Va. W. R Pierce, Ohio. 

W. Spindler, Ohio. N. T. Allen, Mass. 

J. W. P. Jenks, Mass. N. McDougall, N. Y. 

Rev. W. L. Harris, Wesleyan A, Wood, Maine. 

University, Ohio. J. R. Art, Indiana. 

A. E. Slade, Mass. A Morse, Nantucket 

W. P. CUrk, Mich. G. C. Merrifield, Ind. 

James Campbell, Ohio. T. A Benton, Ohia 

W. W. Howard, Ky. Isaiah Dole, Maine. 

W. R Slaughter, Pa. J. Estabrook, Mich. 

W. A Bacon, Mich. J. Towler, N. Y 

Rev. George Loomis, Delaware. M. F. Cowdery, Sandusky, Ohio. 
C. B. Crump, N. Y. 

Prof. Dodd^s Algebras have receive i the most flattering enco- 
minms from teachers who have n^ them in the school-room. 
They are, probably, the most clear and comprehensive works on 
Algebra in print 



TESTIMONIALS. 

We have introduced Dodd's Algebra into the Genesee Wes- 
leyan Seminary, as a permanent text-book. 

Prof. W. H. Db Put. 
~ Dodd^s Algebra possesses excellencies pertaining to no other 
work. R. H. MooBK, 111. 

I am much pleased with Dodd's Algebra, and will introduce it 

Rev. J. A. MoOanlky, Va. 
I use Professor Dodd's Algebra, and Aall continue it as our 
regular text-book. Osoab Habeis, K J. 

From Pbof. A. L. Hamilton, Prest, of Andrew College, 

I have examined with some care Prof. Dodd's Elements of Geo- 
metry, and, so far as I am capable of jud^ng, I conceive it to be 
in many respects decidedly the best work of the kind extant. For 
dmplicity, exactness, and completeness, it can have no superior. 
Like his Arithmetic and Algebra, in many important particulars, 
his Geometry stands pre-eminent, and alone. 



A NEW OOMMON SCHOOL ARITHMETIC, by Pbof. Dodd, 
is in press. 
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14 Enos*s Intellectual and Practical Arithmetic. 

Soliell*8 Introductory Lessons in Arithmetic,— (1^ oo.) 
Designed as an introduction to the study of any mental or written 
Arithmetic. It contains a large amount of mental questions, toge- 
ther with a large number of questions to be performed on the 
slate; thus combining mental and written exwoises for young be- 
ginners. This is a very attractive little book, superior to any of 
its 'class. It leads the pupil on by the easiest steps possible^ and 
yet insures constant progress. ^ 

RECOMMENDATIONS. 

I have careftdly examined the manuscript of **• SchelPs Intro- 
ductory Lessons in Arithmetic,'' and am convinced that it is alto- 
gether superior to any text-book of the kind with which I am ac- 
quainted. It is peculiarly adapted to the wants of beginners^ the 
language being simple, the definitions clear, the examples easy, and 
the transition from one subject to another gradual and natural. 
I cannot too much commend the system which the author ha» 
adopted throughout, of fully ilhistrajting every principle as he ad- 
vances, by numerous mentaU and writt^i exereises, rendering 
thereby one rule perfectly familiar before he parses to the next. 

It is unnecessary to do more than to ask the attention of teachers 
to this work ; they cannot examine it impartially without being 
convinced oi its superior merits. It will, no doubt, become one 
of the most popular of school-books. 

Geo. Patnk Quaokenbos, 
Rector of Henry st. Grammar School^ 2^, T. 

I wish to introduce Schell's little Arithmetic. It is just the 
thing for beginners. Send six dozen. J. Mabzham, Ohio* 

I am highly pleased with Schell's little book, and shall use it. 

G. 0. Mebbifibld, Ind. 

Sohell's little book for children is a heau-ddeal of my own, and 
of course it suits. D. F. Dbwolf, Ohio. 

The. School Committee have adopted Schell's Arithmetio for 
our public schools. Send us three hundred. 

D. G. Hbffbon, Supt. Schools, Utica. 



An Intellectnal and Practical Arithmetic— (|o 26) ; 

6>r, First Lessons in Arithmetical Analysis. By J. L. Enos, 
Graduate of the N, Y, State Normal Schools. 

The same clearness and conciseness characterize this admirable 
book that belong to the works of Prof. Dodd. The natural ar- 
rangements of the text, and the logical mode of solving the ques 
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tions, is a peculiar and important feature belonging to this book 
^one. 



RECOMMENDATIONS. 

I have examined with care and interest, Enos's Mental Arith- 
metic, and shall introduce it at once into the Academy. 

Prof. 0. M. Wbioht. 
We have examined an intellectual Arithmetic, by J. L. Enos, 
and like it much. We shall immediately use it in our school. 

Prof. D. I. PrNrcKHET, 
- 8. M. Fellows, 
S. Sear LB, 

BocJc Rirer Seminary, 

Having used Enos^s Mental Arithmetic in my school, I believe 
it to be superior to all other wcn'ks of the kind. 

W. Bailet, N. Y. 



Whitlock's Geometry and Surveying,— (^i 50.) 

Is a work for advanced students possessing the highest claims upon 
the attention of Mathematical Teachers. In comparison with other 
works of the kind, it presents the following advantages : 

1. A better connected, and more progressive method of geo- 
metrizing, calculated to enable the student to go alone. 

2. A fuller, more varied and available practice, by the intro- 
duction of more than four hundred exercises, arithmetical, demon- 
strative and algebraical, so chosen as to be serviceable rather than 
amusing, and so arranged as greatly to aid in the acquisition of the 
theory. 

8. The bringing together of such a body of geometrical know- 
ledge, theoretical and practical, as every individual on entering into 
active life demands. 

4. A system of surveying which saves two thirds the labor re- 
quired by the ordinary process. 

This work is well spoken of universally, and is already in use in 
some of the best institutions of this country. It is recommended 
by Prof. Pierce, of Cambridge; Prof. Smith, of Middletown ; Prof. 
Bodd, of Lexington, and many other eminent mathematicians. 

From E. M. Mobsb, Esq : — I consider that I have obtained more 
mathematical knowledge from Whitlock's Geometry, than from all 
other text-books combined. Unlike too many treatises of a similar 
nature, it is eminently calculated to make mathematicians. 
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Prof. Palmer's Bookkeeping^,— (lo «''•) 

KEY AXD BLANKS. 

This excellent book is soperior to the books generally nsed: 
because 

1. It contains a large namber of business blanks to, be filled by 
the learner, snch as deeds, mcn'tgages, agreements, asaJgnmeDts, 
^. &c. 

2. Explanations from page to page, ftom Article to Article, and 
to settle principles of law in relation to deeds, mortgages, &o., &c. 

8. The exercises are to be written ont, after being calculated. 
In other works the pupil is expected to copy, merely. 



RECOMMENDATIONS. 
Joseph H. Palmeb, Esq. ; 

Sib,— It has afforded me pleasnre to read your exoell^it 
Treatise on Bookkeeping. The Ferspieuitp of its style is admirable, 
and with its peculiar arrangement, with references and laconic defi- 
nitionSj makes it at once invaluable to the young accountant, as a 
primary and practical work on the most approved method of keeping 
accounts, Hibam Dixon, 

Accountant at Adams & Co.^ 16, 18, 19, Wall st. 

Similar testimonials have been received from the teachers of the 
Free Academy, and others, N. Y. 

Horace Webster, LL D. N. W. Starr, Principal Ward 

J. J. Owen, D. D. Sohcxd No. 29, N. Y. 

G. B. Docharty, LL. D. J. E Whitehead, Principal 

J. T. Bentdice, A M. Ward School No. 28, N. Y. 

J. Groef Barton, A M. J. J. Anderson, Principal Ward 

D. Cartledge. School No. 16, N. Y. 

A H. Wheeler. L. Hazeltine, Principal Ward 

Wm. Palmer. School No. 14, N. Y. 

D. K Bull. a Reynold, Principal Wil- 

S Kendall liamsburgh Grammar School, 

Joseph Keen, Snper^nt Com. N. Y. 

Schools, N. Y. City. A Marcellus, Principal Wil- 

J. J. Doane, Principal Ward liamsburgh Academy. 

Sdiool No. 20, N. Y. H. D. Woodworth, Principal 

Thos. Faulke, Principal Ward Ward School No. 2, N. Y. 

^o. 80, N. Y. 



Dr. Comstock's Series of Books on the Scieaces, viz. : 

Introdaction to Nataral Philosophy. For Children. . $0 42 

System of Nataral Philosophy, Newly revised and enlarged, 

inckiding late discoveries, 1 00 
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Elements of Chemistry. Adapted to the present state of the 

Science , 1 00 

The Young Botanist. New edition, . . 60 

Elements of Botany. Including Vegetable Physiology, and a 

Description of C!ommon Plants. With Cuts, . . . 1 26 
Outlines of Physiology, both Comparative and Human. To 
which is added OUTLINES OF ANATOMY, exceUent for 
the general scholar and ladies* schools, . . . 80 

New Elements of Geology* Highly Illustrated, . 1 26 

Elements of Mineralogy. Illustrated with numerous Cuts, 76 
Natural History of Birds. Showing their Comparative Size. 

A new and valuable feature, 60 

Natural History of Beasts. Ditto. . . 60 

Natural History of Birds and Beasts. Ditto. Cloth, 1 00 

Questions and Illustrations to the Philosophy, . . 30 

All the above works are fully illustrated by elegant cuts. 
The Philosophy has been republished in Scotland, and trans- 
lated for the use of schools in Prussia. The many valuable addi- 
tions to the work by its transatlantic Editors, Prof. Lees, of 
Edinburgh, and Prof. Hoblyn, of Oxford, have been embraced by 
the author in his last revision. The Chemistry has been entirely 
revised, and contains all the late discoveries, together with methods 
of analyzing minerals and metals. Portions of the series are in 
coarse of publication in London. Such testimony, in addition to 
the general good testimony of teachers in this coxmtry, is sufficient 
to warrant us in saying that no works on similar subjects can equal 
them, or have ever been so extensively used. It is a remarkable 
fact, that when interested persons have attacked these works, and 
succeeded in getting in their own, a little time has dissipated the 
mist, and they ha/oe found their way hack again. A new edition 
of the Botany,, with an enlarged Flora, is just ready. 

BEOOMMENDATIONS. 

John Griscom, LL. D., N. Y. A- C. Wright, D. C. 

W. H. Seward. A. McDougald, N. Y. 

W. T. Bonte, Canada. G. C. Merrifield, Ind. 

B. M. Brown, N. Y. Rev. J. P. Cowles, Mass. 

A- Wood, N. J. M. E Dunham, N. Y. 

M. P. Covert, N. J. J. M. Stone, N. H. 

B. Hallowell, Va. W. R. White, Va. 

A. L. Smith, Va. A. F. Ross, N. Y. 

A. H. Drummond, Ohio. T. Valentine, Albany. 

W. W. Benjamin, N. H. E. P. Freeman, " 

T. S. Bradley. L. S. Parsons, " 
S. Steele. 

The sale of 500,000 copies of the Philosophy would seem to 
render notices superfluous. 
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Human Physiology — (|i 26.) 
Designed /or Colleges and the Higher Glasses in Schools^ and for 
General Reading. By Worthinoton Hookeb, M. D., Professor 
of the Theory and Practice of Medicine in Yale Gollege. 
Illust/rated with nearly 200 Engravings, 
This is an original work and not a compilation. It presents the 
subject in a new light, and- at the sanies tinm embraces all that is 
valaable for its purpose, that could be drawn from the most emi- 
nent sources. The highest encomiumB are received from all quar- 
ters ; a few are subjoined. 

Hooker's Physiology was duly received. We propose to adopt 
it as a text-book, and shall order in the course of a fortnight. 
Alexandria High School^ Va. Oaleb J. Hallo well. 

We can truly say that w^ believe this volume is of great value, 
and we hope that the rare merits of the diligent autiior will be 
both appreciated and patronized. 

Boston Medical and Surgical Journal, 

Dr. Hooker writes with perspicuity, explains diflBcult points 
with simplicity, and adapts the subject well to school instruction 
and general reading. American Journal of Science and Arts. 

Here is the remedy for a want which is so evidently a want, 
and that now we have it supplied, it seems an absurdity to have 
lived on wanting it. The present work is a popular treatise, at- 
tractive enough to be read^ and with compass enough to allow the 
author's fertility of illustrative anecdote to come into play. There 
is no need of commending the work to the attention of a com- 
munity where Dr. Hooker is so well knowa as he is among us. 

Norwich Gourier. 

I am ready to pronounce it unqualifiedly the most admirable 
book or work on the human system that has fallen under my 
notice, and they have not been few. If any one desires a complete 
and thorough elucidation of the great science discussed, they can 
nowhere be better satisfied than in the perusal of Dr. Hooker's 
most excellent work. B. F. Tbwksbubt, Lenoxville, Pa, 



AN INTRODUCTORY WORK ON HUMAN PHYSIOLOGY, 
by Prof. HooKBB, is in press. 



Elements of Meteorology. -h[|0 16.) 

Designed for Schools and Academies. By John Brookelsbt, A.M., 

Professor of Mathematics and Natural Philosophy in Trinity 

Gollege^ Hartford. 

The subject of Meteorology is of the deepest interest to all. Its 

phenomena every where surround us, and ought to be as familiarly 
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known by the scholar as his arithmetic or philosophy. This work 
treats on " Winds in General, Hurricanes, Tornadoes, Water Spouts, 
Rain, Fogs, Clouds, Dew, Snow, Hail, Thunder-storms, Rainbow, 
Haloes, Meteorites, Northern Lights, &o, 

TESTmONIALS. 
From Denisan Olmsted, LL, i>., Prendent of Yale College, 
" I have perused your work on Meteorology, which you were 
90 kind as to send me, and am much pleased with the manner in 
which you have treated these subjects ; the selection of topics being 
.in my view judicious, and the style luminous, and well adapted to 
readers of every age, whe&er learned or unlearned. 

^^ I should rejoice to see such a school-book introduced into all 
our schools and academies. No natural science is more instructive, 
more attractive, and more practically useful, than Meteorology, 
treated as you have treated it, where the philosophical expla- 
nations of the various phenomena of the atmosphere are founded 
upon an extensive induction of facts. This science is more par« 
ticulariy interesting to the young, because it explains so many 
things, that are daily occurring around them, and it thus inspires a 
taste for philosophical reasoning. I think the work cannot 
isM to be well received as a mltuible addition to our list of text- 
books. 



From J, L, Gomatock^ M. i>., Author of Natural Phihsophi/y 
Chemistry, Botany, Geology, Mineralogy, and Physiology. 
" Professor Brocklesby, of Trinity College, has submitted to my 
perusal a ' Treatise on Meteorology,' written by himself, and with 
the arrangement and science of which I am much pleased. The 
Professor wishes to have his treatise published as a school-book, 
and, considering the interest which the several subjects it em- 
braces excites in the minds of all, both old and young, rich and 
poor, I see not why such a book, when once introduced, should not 
have a large circulation. I see no reason why Meteorology, in 
many respects, has not as many claims as a school-book as Chemr- 
istry* or Natural Philosophy. Indeed, I should like to see Pro* 
fessor B.'s book introduced into schools as a companion of my 
Philosophy." 

Recommended also by 

Bexj. SnjjMAN, LL. D. 
Rev. T. H. Gallaudbt, 

Rev. HOBAOE HOOKEB, 

Rev. Chas. a. Goodbioh. 
This work has proved highly satisfactory in the school-room ; 
and is now the established text-book in a very large number of our 
best high schools and academies, where the natm*al sciences are 
taught 
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VIEWS OF THE MIORO80OPI0 WORLD.— ($1 12.) 

Designed for General Beading^ and as a Band-hook for Classes in 

Natural Sciences. By Prof. Bbooklesbt. 

By the aid of a powerful microscope, the anthor has given ns 
highly instrnctive accounts of Infusorial Animalcules^ Fossil In- 
fusoria^ Minute Aquatic Animals^ Structure qf Wood and Herhs^ 
Crystallization^ parts of Insects^ dx.y d^e. 

To those who are neoeasarily deprived of the aid of a micro- 
scope, and even to those who have it, this is a most valuable work. 
It is clearly and pleasantly written. The sections on the Animal- 
cules, Infusoria, and Crystallizations, are very beautifully illustrated 
vnXh large and expensive plates. The decriptions of the diflferent 
kinds of these wonderful little animals, mai^ of which multiply by 
millions in a few hours, are really very instructive. There is no 
better school library book in the world. It should be read by 
every man, woman, and chUd. 



PROF. BROOKLESBY'S ASTRONOMY.— ($1 25.) 
This work is printed in the first style of the art, being amply 
illustrated ; and the approval bestowed upon it by the most com- 
petent judges is such as to entitle it to the careful examination of 
teachers. 



J. Olney's Geographical Series, 

Comprises the following Works: 

Primary Oeography. With Colored Maps. . . . |0 25 

Quarto Oeo£praphy. With several New Maps. . . . 75 

Qeography and Atlas. Do. do. ... 1 00 

Outline Maps. 6 00 

It is believed these works excel all others, for the following 
reasons : 

1. The clearness and correctness of definitions. 

2. The gradual arrangement of subjects. 
8. Unity of design marks the series. 

4. The use of initial letters only. 

5. The fact that children delight in liiem. 

6. Their cheapness. 

The attention of teachers, whose range of subjects includes 
geography, is respectfully and particularly called to Mr. Olney's 
Gk>ographical Works. These works, more especially the School 
Geography and Atlas, have been in use for several years, and so far 
as the publishers have been able to ascertain, it is the general testi- 
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mony of teachers that the "Practical System of Modem Geo- 
graphy " is the best work for practical use that has ever appeared. 
But rec ^nt works have been put forth, claiming to be made upon 
superior principles, and modestly intimating that all previous stand- 
ard works are so inferior in construction as to render them de- 
servedly obsolete. Indeed it is claimed that there has been no ad- 
vance in geographical text-books for many years, until suddenly a 
new Daniel has come to judgment. In looking carefully over the 
recent inprovements so boastfully claimed, we are unable to dis- 
cover any which have not been substantially drawn jfrom Olney's 
Geographies. 

Mr. Olney commenced the plan of simplifying the first lesson 
and teaching a child by what is familiar to the exclusion of astron- 
omy. He commenced the plan of having only those things repre- 
sented on the maps which the pupil was required to learn. He 
originated the system of classification, and of showing the govern- 
ment, religion, &c., by symbols. He first adopted the system of 
carrying the pupil over the earth by means of the Adas. His 
works first contained cuts in which the dress, architecture, animals, 
internal improvements, &c., of each country are grouped, so as to 
be seen at one view. His works first contained the world as 
known to the ancients, as an aid to Ancient History, and a synopsis 
of Physical Geography with maps. In short, we have seen- no 
valuable feature in any geogr^hy which has not originally ap- 
peared in these works ; and we think it not too much to claim 
that in many respects most other works are copies of these. We 
think that a fcdr and candid examination will show that Olney's 
Atlas is tJie largest, most systematic, and complete of any yet pub- 
lished, and that the Quarto and Modern School Geographies con- 
tain more matter, and that better arranged, than any similar works. 
The attention of teachers is again called to these works, and they 
are desired to test the claimsliere asserted. 

TESTIMONIALS. 
From President Huhphbbys, D. D., Amherst College, 
Mr. J. Olney. — ^Dear Sir, I have examined both your improved 
School Atlas and Modern System of Geography with more than 
ordinary satisfaction. Your arrangement of topics appears to me 
better adapted to the comprehension of the child, and to follow 
more closely the order of nature, than any other elementary sys- 
tem of the kind with which I am acquainted. Instead of having 
to encounter the diagrams, problems, and definitions of Astromony . 
as soon as he opens his Geography, the young learner is first pre- 
sented with the elements of the science in their simplest and most 
attractive forms. His curiosity is of course awakened. That 
which would otherwise be regarded as an irksome task, is oontem- 
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' plated witb pleasure. The opening mind exults in the exercise of 
its faculties, and in the ease with which it every day gathers new 
intellectual treasures. The constant use which .you oblige the 
child to make of his Atlas, I consider of a great advantage, and 
the substitution of initials for the names of countries, mountains, 
rivers, &c, a valuable improvement. There is, moreover, a con- 
densation of matter throughout, combined with a clearness and 
simplicity which cannot fail, I think, of being highly appreciated 
by all enlightened and judicious teachers. lOur method of desig- 
nating the length of the principal rivers is extremely simple and 
convenient. 

IVom the Connecticut Mirror, 
As an elementary work, we certainly never have seen any of 
the kind that will compare with it. Simplicity is its leading fea- 
ture, and instruction its real object. It is adapted to the humblest 
capacity, and may be studied in connection with the Atlas, almost 
as advantageously by children as by those of a maturer age. We 
are not accustomed to speak in terms of praise of every new 
school-book which appears, for it is countenancing the practice 
of taxing parents, no matter how heavily, for the sake of change. 
But in the case of Mr. Olney's Geography, we are so well satisfied 
that it is just what is wanted in our common schools, that we 
really account it our duty to aid in introducing it. 

I have long thought Olney's Geography and Atlas a first-rate 
school-book, and the publishers of it have certainly given to it an 
attractive appearance to the teacher and pupil. I have used it, I 
think, nearly ten years of ray teaching, and always found the suc- 
cessive editions reliable for accuracy^ and well up to the times, 

M. F. COWDEET, 

- Supt Schools, Sandusky, 
Similar memorials have been received from the following gen- 
tlemen : 

Salem Town, LL. D. F. A Brigham, Dl. 

Pres. Lord, N. BL E. P. Barrows, N. Y. 

Pres. Bates, Vt. P. Hardy, N. H. 

Robert Vaux, Penn. R. S. Howard, Mass. 

M. L. Brown, N. Y. E. Kingsbury, « 

M a Uawley, Mich. E. Hall, Vt 

J. S. Dickson, Mich. A. K. Slade, R. 1 

N. Brittan, N. Y. J. Alwood, N. Y. 

J. N. iSraith, Iowa. J. Estabrook, Mich. 

T. S. Bradley, Ohio. A. D. Sturtevant, HI 

A D. Wright, « A. G Wilder, 

N. S. Scott, N. Y. R. C. Corey, Ark. 

Isaac Clufton, BL C B. Crumb, N. Y. 

And over 600 others. 
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The Students' Series. 

By J. S. Bbnman, A. M. 

The Students' Primer, .... 7 

« « Spelling-book, , .18 

. 18 

26 

. 40 

15 

. 94 

81 

This series of books excels all others in the following partion- 
lars: 

1. In the manner of teaching the alphabet and first principles 
of Reading, as shown in the Primer, Speller, and First Header. 

2. In the beantifol classification and arrangement of the Speller, 
by which pupils are easily tanght to spell and pronounce words 
correctly. By the aid of suffixes and prefixes, they learn to form 
derivative words, and may obtain at the same time a correct 
knowledge of their signification. 

8. The child is taught to read by beginning with words of one 
and two letters, and advancing gradually to longer words. 

4. The Primer is so arranged that each word is nsed in spelling 
before nsed in the Reading Lessons. 

5. The First Reader contains lessons of one syllable, composed 
of natural objects, such as birds, flowers, shrubs, &c., that greatly 
interest children. 

6. The same class of lessons in all the readers. 

7. The lessons are peculiarly interesting and instructive. 

8. The relation of one book to the other is very regular and 
systematic. 

9. The judicious use of plates to embellish the books and illus- 
trate the text. 

10. A judicious use of Questions, not so profuse as to embar- 
rass the pupil, nor so few as to prevent the teacher from asking 
them. 

11. The Print is very distinct and dear, from the large type in 
the Primer gradually diminishing to the common, ordinary type in 
general use. 

12. The variety of style, and the variety of snbjectB. 
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13. The adoption of Webster's Royal Quarto Dictionary as a 
standard in spelling. 

14. In the sonnd moral tone pervading the whole series. !N"o 
extracts from novels — ^no low and volgar langoage has been al- 
lowed to blacken their pages. 

The Author was for a time the Editor of " The Student," and 
in that first produced the system on which these Readers is founded. 
It received such high encomiums that the Author thought best to 
reproduce it in book form for schools. Hence the series of Stu- 
dents' Readers. Prof. Page, late Principal of the New York State 
Normal School, said of this system, " It is the lest I ever saw for 
teaching the first principles of Reading." Such testimony is of the 
highest value, and none need be afraid to use the books on such a 
recommendation. 

We present a very few names of the great number which have 
been received. 



RECOMMENDATIONS. 

The Students' Series is, in my opinion, tJie best in use, I believe 
a class of young students will learn Iwice as much, with the same 
labor, as they would firom any other system. The books of this 
Series excel in the purity and attraction of their style. I have in- 
troduced them. 0. B. Obumb, j^. Y, 

I am so well pleased with them, and find them so well adapted 
to the wants of children, that I am determined to have them. 

H. H. Sbntke, m. 

The Students' Series I think to be far superior to any extant. 

S. O. SmoNDS, la. 

Your Students' Speller has been adopted by the School Board 
of this city. J. R. Webb, Indiaiuipolis, 

I like your Students' books well, and shaU introduce them. 

Rev. M. S. Hawlet, Mich, 

I shall introduce the Students' Speller. Send me several dozen. 

O. A. Abohbb, Albany, 

I think more of the Students' Reading Books than any others 
with which I am acquainted. Iba Sayles. 

I will do all I can to introduce the Students' Series of Books, 
believing them to be the best for schools of any before the public. 

J, L. Enos, Wis. 
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I am highly pleased with the Stadents' Series, and shall nse my 
exertions to introduce it as fast as possible. 

J. MeBBIFIELD, ) rj 

Concurred in by Geo. 0. Mbbbifield, j 

We nse the Students' Books, and shaU nse no others. 

E. Lahb, If, T. 

I nse the Speller. It is just the book. 

W. M. James, Ga, 

I am using the Students' Readers, and like them so well that I 
urged their introduction at Monroeville, where they are now used. 

D. F. Dkwolf, Nbrwalh, 

I have used the Students' Speller, and am greatly pleased with 
it. The Readers are excellent. N. B. Babeeb. 

We are using the Students' Series, and like it better than any 
Other. A. Pobtbb, N'. Y, 

We use, and admire the Students' Series. 

J. POOLBB, K T. 

I have examined the Students' Headers, and shall introduce 
them. P. J. Fabbujotoit. 

We like the Students' Books much. The Board has adopted 
them. E. B. Coon, Covington^ Ky, 

I have adopted the Students' Speller. 

OsoAB Habbib, N. e/l 

We have adopted the Students' Series because we like it better 
than any other. A. L. Bingham, Mich, 

Your Students' Books are introduced here, and are well liked. 
Pro£ H. Wheeleb, Greevicastle^ Ind. 

We have adopted the Students' Speller. 

Dr. J. Nicholas, Kirtlcmd. 

The Board of Education has adopted the Students' Speller. 
Send us five hundred. E. A. Sasldon, Syracuse. 



Kirkliam's Elocution. 



This is one of the best Elocutions ever printed. It contains a 
varied and interesting selection of very us^id matter, carefully ar- 
ranged. It is a standard work, and now used in some of the best 
schools in the country; among which are the Normal School, 
Philadelphia ; Lower Canada College ; Toronto Academy, &c. 
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Bey. T. H. GaUaudet's School and Family Dictionary. 
Is a work of inestimable value to. the young learning to write com- 
positions. It has received the approbation of snch men as 
John A. Diz, Gideon Hawlkt, 

Rxv. W. B. Spkagus, A. G. Flaoo, 

A. GRnriNDSN, & Stkelb. 

»• • 

Olney's National Preceptor. A Reader and Speaker, . 68 

Greenleaf ^B Grammar Simplified, 85 

Bentley'8 Pictorial SpeUing Book, 15 

Southern Fimt Class Book, 16 

** Second qiass « 88 

« ThiidClasa *^ 25 

u Fourth Class << 12 

Robinson's History of Bngland, 90 

Goldsmith's Geographical View of the World, ... 90 

All these works are made in very neat and durable style, and 
are sold as low as a moderate remuneration wiU allow. Oopies 
supplied to teachers for their own use at one-fifth off from the 
retail price, and postage paid. Large Institutions are furnished 
sam^de copies without charge. 

FAKMER, BRACE & Co., 

No. 4 Cortlandt street^ New York, 
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" " "'^^ Farmer, Brace & Co.'s Publications. 

BOOUH ON TUC SCIEINCIIS. 

Comstock's Natural Philosophy. 

Comstock's Introduction to do. 

Comstock's Elements of Chemlstryi 

Comstock's Young Botanist. 

Comstock's Elements of Botany^. 

Comstock's Elements of Mineralogy* 

Comstock's Outlines of Physiology 

Comstock's Natural History of Birds and Beasts* 

Brocklesby's Elements of Meteorology. 

Brocklesby's Views of the Microscopic World. 
..^ s«)/,(«,^<2^ Most of the works of Dr. Comstock have been revised within a very " 
.?, *aV/<2,/Sy short period. His new editions of Natural Philosophy, Chemistry, Bo- 
?'/ ~!/^?'^ tany, &c., have been adopted by many of those who had been induced 
^\->^Vzr''^ to try other treatises. They elucidate the subjects in the light of the 
^•?Y<>?^H9f present moment, and for adaptation to the school-room have not been 
tf'-.i^iuVi'fSfi equaled. The general opinion is expressed in the following . 

^*':V»J^^^?S^ *' The entire series of Comstock's works I consider the best for our 

txi]B^in--^^ public schools, and shall horeafter use them, as I have done heretofore.'* 
'l^-^/iffirrw * E- ^- Huntington. 

.''?>S^S/biK> " The text book on Meteorology, and the revelations offered by the 

?'/S?^v§5 Microscope, by Prof. Brocklesby, of Trinity college, are quite extensively 

^'•I'Si^^^i used, and ought to be in the hands of all. The subjects treated of are 

^^=??^Sa4% ^^ constant interest and could hardly be better managed " 
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Professors Oi.msted and Sillimaij ; Piev. T. H. Gallaupet; J. L. 
Comstock, M. D., and many eminent scientific men reconunend 
them highly. 



Olney's Geography and Atlas as a work for schools is probably known 
to teachers generally. It is not known to all, however, that it is now al- 
most a new book. Still possessing the same plan which has always been 
so popular, it contains, in addition, Ancient Geography and Physical 
Geography. The Atlas is very large and full. Notwilh-standing that 
other works continue to adopt succest^ive improvements that appear in 
i^^ this, so far as they think they can with safety, it is still the best adapted 
for schools. 

The same author has prepared a set of Outline Maps to precede the 
^ Geography and Atlas, which are admirable for young pupils. Also, a 
I Quarto Geography, which is beautifully embellished, and well arranged 
for those who prefer that form. 
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